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THE SCIENTIFIC BIAS OF ARCHAEOLOGY * 
by 
W. F. GRIMES 


My title is the scientific bias of archae- 
ology : I ignore for the moment its ques- 
tion-begging quality and assume that what 
is wanted from me is not a straightfor- 
ward account of the uses which archae- 
ology makes of evidence obtained from 
‘scientific ’ subjects, but a statement of 
the archaeological approach to archaeo- 
logical problems : the view from within, 
as it were, of aims and objectives, the atti- 
tude towards evidence and the use made 
of it, however obtained. 

I must not weary you with definitions 
of archaeology beyond reminding you that 
in essence it is less a subject in its own right 
than a method : a method of elucidating 
history and human geography in the ages 
before written record ; of enlarging and 
extending our knowledge of human culture 
when written records have become the 
chief source of information. In any 
discussion of scientific bias it is therefore 
impossible not to take at least a passing 
glance at the long-standing problem of 
history as art or science ; and to analyse 
briefly the inter-relationships of the two. 
The same question does not present itself 
in the case of geography, whose practi- 
tioners, as far as my admittedly limited 
knowledge goes, have not in any number 
claimed status for their discipline as an art. 

The crucial test in a matter of this sort 
I take to be the attitude towards evidence. 
Archaeology is a young discipline, still in 
many respects feeling its way towards 
more perfect techniques in the amassing 
and interpretation of its evidence. Even 
now it is not entirely weaned from the 
outlook of the pioneers whose ‘ collector- 
mentality ’ led them to value antiquities 
more for their intrinsic worth than for 
their significance as evidence ; and who 
from a literary background often sought 
fantastic and romantic explanations for 
both sites and objects. It is not surprising 


3 Paper delivered to the Assembly of Corre- 
ia" Societies at Liverpool on September 4, 


then that archaeology has been the victim 
of a certain degree of mistrust from two 
sides, from scientists and historians alike. 
The former I leave for the moment. 
Amongst the historians there are welcome 
signs that the attitude to archaeological 
method has changed, though in places 
criticism still persists. It springs, I take it, 
from the fact that the contemporary or 
near-contemporary statements which are 
the raw material of history in the narrower 
sense have a precision which is lacking in 
the potsherds and other things which 
comprise archaeological evidence. To 
one accustomed to working with docu- 
ments conclusions based upon such mute 
objects may well appear to be too sub- 
jective to be of value ; but views of this 
sort are too often the result of failure to 
grasp the basic principles of modern 
archaeological practice or to understand 
what archaeologists expect or hope to do. 
I do not think that what I have just 
said exaggerates the position with regard 
to a number (I think a dwindling number) 
of historians. It would not of course be 
difficult to demonstrate that ‘ historical ’ 
evidence in the narrower sense can in 
some of its forms possess an unreliability 
which may be lacking in the more 
material evidence of the archaeologists. 
The contemporary statements of writers 
can be—and often are—affected by inborn 
inaccuracy or carelessness or by some 
obscure arriére-pensée ; the pots and pans 
of archaeology on the other hand are the 
outcome of human activity which reflects 
events and processes in an_ entirely 
unselfconscious and thus unbiased way. 
In reminding you of this I am not of 
course suggesting that archaeological evi- 
dence is superior to ‘ historical ’ evidence : 
such a position would clearly be untenable. 
I merely wish to emphasise that where the 
two disagree on a given point it will not 
necessarily be an act of wisdom to dismiss 
the archaeological out of hand as being 
the more unreliable. For the rest, the 
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central aim of all historical research is the 
elucidation of human ideas and institu- 
tions. ‘ Historical’ evidence, like all evi- 
dence to do with the past, is incomplete ; 
but being the more or less direct expression 
of the human mind is the more sensitive 
instrument with which ‘art,’ intuitive 
insight, understanding and _ interpreta- 
tion, call it what you will, have the greatest 
play. The raw material of archaeology, 
on the other hand, is even more patently 
incomplete within its own already narrow 
material limits. It is as a general rule 
confined to imperishable objects : and on 
the rare occasions when favourable con- 
ditions allow the survival of organic sub- 
stances, for instance, it comes as something 
of a shock to realise how much has been 
lost to the processes of time. 

The historian is therefore at the ines- 
timable advantage that having satisfied 
himself on his evidence he can bring his 
‘art’ to bear upon his subject’s intel- 
lectual activities as well as upon the 
interpretation of character, the interplay 
of personalities and the rest. The archae- 
ologist may achieve a partial view of 
the material and economic life of pre- or 
proto-historic man—in many important 
aspects he adds considerably to know- 
ledge of historic man also—but outside 
these comparatively limited fields his 
knowledge is largely by implication. For 
artistic tendencies he is restricted to an 
expression which often is at once primitive, 
applied and conditioned by technological 
progress or the lack of it; for social 
customs and religious ideas he must work 
from burial-monuments and dwelling- 
sites which may also contribute something 
to a knowledge of political organisation. 
Such sources he can at times augment (with 
due caution) by analogy with the thought 
and practice of modern primitive peoples 
at a comparable stage of development. 

Here, obviously, there is scope—many 
would think dangerous scope—for subjec- 
tive speculation. The truth of course is 
that both ‘ history ’ and archaeology must 
be scientific in the respect that they show 
for, and the use they make of, their 
evidence. I hope it is not over-simplifying 
the matter to suggest that the difference 
lies largely in the quality of that evidence, 
with the historical affording greater insight 
into the human mind and its operation ; 


the archaeological essentially material and 
dependent for its understanding upon 
scientific and technical processes. 

We are then at this stage face to face 
with the scientific bias which my title 
postulates. Whatever the conclusions to 
be drawn from archaeological evidence, 
the appreciation of that evidence is a 
scientific matter. The products of man 
which form the main bulk of archaeological 
raw material are material things: some 
specialised scientific and _ technological 
knowledge is essential to an understanding 
of them. The technology of stone and 
metal implements demands a smattering 
of petrological, geological and metal- 
lurgical information ; the position is the 
same with the domestic crafts. The phases 
in the endless fight between man and his 
environment—one of the main themes of 
modern archaeological research in_ this 
country—demand a grasp, specialised 
again, of certain aspects of the natural 
sciences. Your archaeologist cannot re- 
cord a field-monument without recalling 
at least the elements of the geometry that 
he probably discarded in his school days ; 
nor can he excavate his monument 
efficiently without an intelligent eye on its 
geological characters. 

I shall perhaps be accused of putting 
the cart before the horse in discussing the 
archaeologist’s general handling of his 
evidence before considering the scientific 
validity of the evidence itself. We have 
seen that that evidence is limited both in 
range and in expression. There are many 
aspects of early life which persist un- 
illumined by the imperishable forms of 
material equipment even in the business 
of day-to-day living. The mental pro- 
cesses of early man remain almost entirely 
a matter of inference. But no one who will 
devote any time to the matter can fail to 
be impressed by the fact that the raw 
material of archaeological research is 
capable of—and actually receives—scien- 
tific treatment. 

In any discussion of archaeological 
beginnings one ought perhaps to dis- 
tinguish between the early antiquarians 
and the early archaeologists, though the 
dividing line between the two is not always 
clear. The antiquarians were essentially 
book-learned : their view of monuments 
was always clouded by their knowledge 
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of classical or barbarian history or myth, 
which they used as the basis for theories 
developed within the four walls of their 
studies. The early archaeologists on the 
other hand, with whom the future really 
lay, started out as collectors, with their 
eye mainly on good specimens worthy of 
their cabinets : as I have said, they valued 
objects for their intrinsic qualities rather 
than for the evidence that they might yield 
about contemporary man. 

The preoccupation with ‘ the specimen ’ 
led naturally to the production of ‘ typo- 
logical’ studies whose value lay in the 
fact that they created a workable system 
of sequences to form the basis of a relative 
if not of an absolute chronological scheme. 
The basic principles of typology are sound 
enough: they can be seen in operation 
as well in the bonnet of a modern motor- 
car as in an axe of the Bronze Age. But 
if typology for its own sake is now a less 
favourite pursuit than it was, that is 
because it tells only a part of the story. 
All human products are expressions of 
culture, though some may be more 
specialised than others : modern archae- 
ology recognises that they will only be 
properly understood if the technological 
changes which they embody are seen 
against the cultural background, which in 
this case involves amongst other things 
the study of associations and of distribu- 
tion. The coherence of the system that is 
being created, supported as it frequently 
is from non-archaeological sources, is 
itself evidence of its soundness. ‘This 
sociological approach sees the thing whole, 
recognises that its objective is Man and 
values his products at least as much as 
means to an end as for their intrinsic 
interest as either rare or beautiful things. 

Merely because it ‘ sees the thing whole ’ 
archaeology cannot rule out the aesthetic 
view, for all its subjectivity, though it is 
a little disquieting to observe in some 
archaeological museums a tendency to 
emphasise aestheticism : their collections 
are displayed as if they were composed 
of art rather than of archaeological 
objects. Nevertheless, nowhere is the de- 
veloping attitude of modern archaeology 
more significantly shown than in the 
readiness to apply scientific techniques to 
antiquities as a method of drawing further 
knowledge from them, even when such 
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techniques involve destruction or deface- 
ment of the object itself. I doubt whether 
twenty years ago it would have been 
possible to launch a national project for 
identifying petrologically the sources of 
stone implements, since the essence of the 
technique is the mutilation of the imple- 
ment to obtain the necessary microscopic 
section for petrological study. The survey 
is now a going concern for three reasons : 
change of heart on the part of archaeolo- 
gists and museum curators ; the devising 
by the petrologists of a method of cutting 
and healing which does minimum damage 
to the specimen—and the valuable results 
obtained from the method by a pioneer 
group of workers in the west of England. 

There, I suggest, we can appropriately 
leave this part of our subject with the 
principle well on the way to acceptance 
that antiquities are the raw material for 
research whose physical sanctity may have 
to be sacrificed in the interests of the truth. 
There are, however, two qualifications 
to this. First the outstanding quality or 
the uniqueness of certain objects may be 
such that no interference with them would 
be justified. Secondly, whereas much of 
the raw material of the natural sciences 
is to all intents and purposes endlessly 
repetitive and therefore expendable, the 
stock of archaeological evidence will 
always be limited: its preservation as 
unimpaired as possible is therefore im- 
portant. But this is probably merely a 
passing difficulty, with the development 
of such techniques as micro-chemical tests 
which achieve their results with little or 
no damage to the specimen. 

New as the principle may be said to be 
for movable antiquities, it had perforce 
to be accepted in the excavation of field 
monuments. Excavation must mean muti- 
lation and destruction ; and such destruc- 
tion, in the case of such monuments as 
Bronze Age barrows, is final. Here, too, 
a modern sense of responsibility demands 
the restoration of the site as completely 
as possible to its original condition, so that 
it remains as a visible record of the past 
with its internal features preserved. 

The development of excavation tech- 
nique follows lines parallel with those for 
the study of movable objects. Early 
excavators ‘ hogged ’ barrows with an eye 
simply to their yield in terms of finds ; 
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yet from quite an early stage the best of 
them left some account of the features 
which they encountered in the mounds 
themselves and their records provide us 
with the burial-groups which are an 
essential element in the formulation of 
both typological sequences and cultural 
patterns, especially in the early part of 
the Bronze Age. Again, the need to see the 
thing whole increasingly made itself felt : 
the history of barrow excavation has been 
the development of more methodical 
techniques aimed at the structure of the 
monument as much as its burials, with an 
ever-increasing awareness of the value of 
the results as pointers to ritual and re- 
ligious practices centred upon the dead, 
and therefore as ways to an understanding 
of an important part of the mind of primi- 
tive man. It will be readily conceded that 
interpretation here presents ample oppor- 
tunity for the exercise of the imagination. 
But there can be no harm in that provided 
that there is no confusion between ascer- 
tained fact and theory. 

The development of scientific technique 
in excavation is, however, best illustrated 
by its application to occupation sites, in 
which Pitt-Rivers was the pioneer. Here 
again the cardinal principle is that 
‘finds’ are important in terms of the con- 
ditions in which they are found. The 
essence of the matter is the isolation of 
individual structures, hut sites and the 
like, vertically so that the succession of 
events can be established on the principles 
of stratigraphy which have been long 
accepted by geologists; horizontally so 
that distribution and density may be 
estimated in terms of a plan. The associ- 
ated finds serve not merely to date 
structures but to establish their cultural 
context and their economic and social 
setting ; and the collaboration of natural 
scientists of various branches may add 
information on environment and con- 
temporary natural conditions which may 
have a value for other studies. Archae- 
ological excavation as practised under 
modern conditions has a method and a 
flexibility which can be claimed to be 
truly scientific: it works according to 
clearly defined principles and its best 
practitioners bring to their task an 
imaginative awareness not merely of their 
own problems but of the contribution 


. For it is not difficult to detect weaknesses in 
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which they may make to the problems of 
others in ecology and the like. 

This brings me to the last part of my 
subject : the relationship of archaeology 
with the sciences. Implicit in much of 
what I have said there is, I hope, a 
recognition of the contribution which the 
older sciences make to archaeological 
progress, whether it be in the handling 
of archaeological material or in environ- 
mental problems and the like. Here scien- 
tists have been critical of archaeologists in 
the past, and I think not without reason, 


the archaeologist’s attitude : a too-ready 
assumption that science exists to serve as 
a sort of technical assistant to archaeology ; 
a tendency to come to facile conclusions 
on scientific matters with an inadequate 
background of knowledge in the subject ; 
even, at times, a habit of seeking scientific 
help while not observing scientific rules 
and requirements—as in the provision of 
suitable samples for examination. 

Such troubles will no doubt resolve 
themselves with time : the teaching insti- 
tutions are now seeking to redress the 
balance. The requirement seems to be 
specialised training aimed not to give the 
archaeologist a dangerous smattering in 
the sciences but to make him aware of his 
own ignorance and equip him to see the 
scientific possibilities of an archaeological 
situation so that he can help his scientific 
colleagues to make the fullest use of it. 

For obviously it is useless to think of 
converting the archaeologist into a scientist 
in the narrower sense. His main pre- 
liminary training is usually in the humani- 
ties—and rightly so; and his mind and 
hands are already full. I would much 
prefer to see more scientists applying 
themselves to archaeology—as a number 
already do to the outstanding benefit of 
us all. And this, I hasten to add, should 
not be taken as yet another piece of 
archaeological condescension. Nowhere 
is it more true that all knowledge is one: 
I believe that in this context scientists— 
including archaeologists—should regard 
early man as yet another animal, though 
with a more profound influence than most 
upon the world of nature. Taking this 
view they will find that archaeology has its 
own contribution to make to their under- 
standing of the world in which we live. 
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THE JOURNEY TO WORK ON MERSEYSIDE 


In Section E on Thursday, September 3, 1953, three papers were read relating to an 
enquiry on the Journey to Work on Merseyside being carried out in the Liverpool 
Department of Geography by Prof. Wilfred Smith, Mr. K. Rowe and Mr. G. Mercer. 
The paper printed below is that by Mr. K. Rowe on Isochrone Maps and the Journey 


to Work. 


IsocHRONE Maps AND THE JOURNEY 
To Work 


by 
K. Rowe 


In the course of the investigation into the 
Journey to Work particulars of residence 
were collected for some 40,000 employees 
of Merseyside firms. These specific resid- 
ences have been mapped in relation to 
specific workplaces. A series of isochrone 
maps has also been drawn, each based on 
calculated time of journey to a specific 
workplace, in order to discover whether 
it is possible to define under what condi- 
tions length of journey in terms of time is 
significant in the relationship between 
workplace and residence. The time-zones 
in the isochrone maps are calculated from 
a specific point, each within a different 
industrial or commercial area of Mersey- 
side. In some cases, this specific point is 
the site of a firm from which details of 
employees’ residences have been collected : 
in other cases, the site of the firm is close 
at hand. It is hoped to show in this paper 
the value and limitation of isochrone maps 
for this purpose. 

The sources of the data from which the 
isochrone maps were drawn are the 
passenger transport time-tables issued by 
the several Merseyside Corporations, the 
British Railways and those bus companies 
(Ribble and Crosville), which are inde- 
pendent of local authorities. It is based 
not on a single means of transport, as are 
sO many previous isochrone maps, but on 
all public transport. Before the maps 
could be compiled, several simplifying 
assumptions relating to the journey to 
work had to be made. In the first place, 
It was assumed that the quickest route 


to work is used, regardless of cost, except 
that express trains not stopping between 
the Liverpool terminus and towns mar- 
ginal to the Merseyside District (e.g. 
Wigan, Earlestown) were omitted. In- 
clusion of such express services in the com- 
putations would extend and partly obscure 
the pattern of isochrones within the 
conurbation ; moreover, very few em- 
ployees of firms visited live in towns 
served by such express trains. Secondly, 
it was assumed that the times of peak-hour 
week-day services would represent ade- 
quately the conditions of the daily journey 
to work. No waiting time was allowed 
when connections between different ser- 
vices would have to be made. It is a not 
unreasonable assumption that those travel- 
ling daily would organise their journey 
efficiently. From the workplace, and from 
any railway station or bus stop the com- 
pletion of the journey by walking (at a 
speed of 3 mp.h.) was taken into account. 
Isochrones were then drawn at time inter- 
vals of 10 minutes, the bounding isochrone 
being that of 1 hour from the central 
point. The isochrone map is intended to 
give, therefore, a picture of the time taken 
on the journey to a selected point from 
all parts of Merseyside, under strictly 
defined conditions. 

Several limitations to the use of isochrone 
maps constructed on this basis immedi- 
ately present themselves. The times 
calculated are necessarily ‘ theoretical,’ 
taking no account of personal reasons 
(such as health, convenience for shopping, 
etc.) for choosing a particular route or 
means of transport. Further, the method 
omits the possibility of travel by longer, 
slower routes which are used on account 
of their cheapness. The actual time taken 
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in getting to work will therefore, in many 
cases, be greater than that shown on the 
isochrone map. Also the map _ places 
undue emphasis on the part played by 
railways in the journey to work ; bus ser- 
vices are slower but cheaper. It is evident 
that no account can be taken of travel by 
means other than public transport ser- 
vices. Few employees use cars for the 
journey to work, but a _ considerable 
number of workers at some firms visited 
use the bicycle as their means of transport. 
No account, moreover, is taken of the fre- 
quency of the various transport services. 
It is, in fact, assumed that connections 
are immediately obtainable. The fact 
that peak-hour services are usually fre- 
quent does often ensure a minimum of 
waiting time. It should be pointed out 
that the maps were drawn from data valid 
in the winter of 1951. Since that time, 
alteration of some railway services and 
the conversion of some tram routes into 
bus routes have changed the isochrone 
pattern in details. 

The isochrone map centred on Liver- 
pool Town Hall (Fig. 1) is equally valid 
for the numerous business firms clustered 
in the city area. With good railway ser- 
vices available from the three main 
stations, the 60-minute isochrone extends 
far beyond the Liverpool boundary, to 
beyond Southport, Wigan, St. Helens and 
Runcorn. That the north has more rapid 
access to the city centre is due to the prox- 
imity of Exchange Station with its electric 
train services to Southport and Ormskirk. 
The northern part of the Wirral peninsula 
is also well served by other electric trains 
from the city. It was the provision of a 
rapid train service to Liverpool that 
stimulated the growth of residential areas 
across the Mersey, e.g. West Kirby. 
Though both Birkenhead and Wallasey 
are served by ferries from Pier Head, of the 
two towns Birkenhead is more rapidly 
accessible from the city, owing to the route 
of the Mersey railway passing through 
Birkenhead before sending a branch line 
to Wallasey. 

From the distribution of employees’ 
residences for Firm A, which employs 
primarily clerical labour (Fig. 2), the 
importance of the trans-Mersey movement 
to work can be inferred. Forty per cent. 
of the employees live in Wirral. Accord- 
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ing to the isochrone map compiled from 
Liverpool Town Hall, which adjoins 
Firm A, one-half of the employees travel 
between 20 and 30 minutes to work; 
Wallasey, outer Birkenhead, Crosby and 
the ring of better Liverpool suburbs with 
a fairly low housing density fall within 
this time zone. On the other hand, few 
employees live in the more densely built- 
up parts of Bootle, which also can be 
reached in between 20 and 30 minutes. Of 
the persons travelling for less than 
20 minutes to work, the great majority 
also Jives in areas with lower housing 
densities. The city area is almost devoid 
of residences; under 1 per cent. of 
Firm A’s employees have a journey of less 
than 10 minutes. The employees who 
travel for between 30 and 40 minutes to 
work make up one-fifth of the total, and 
most of them live in western Wirral, south 
Liverpool and Formby, all of which have 
a great attraction for salaried workers. 
The proportion of employees having over 
an hour’s journey to work is negligible, as 
in all succeeding examples. 

The isochrone map included as Fig. 3 
is centred upon part of the Edge Lane 
industrial zone of east Liverpool. Owing 
to the proximity of the area to those pas- 
senger transport routes which trend east- 
wards and south-eastwards from the city 
centre, the isochrones are extended in 
these directions. The towns north and 
west of Liverpool are reached less rapidly. 
St. Helens, Widnes and Runcorn are well 
within an hour’s travelling time of the 
Edge Lane district. 

Firm B is a manufacturing firm upon 
which the previous isochrone map is 
centred and for which a 25 per cent. 
sample of the residences of female em- 
ployees has been plotted, in Fig. 4. It 
is poorly served by passenger transport 
routes. Analysis reveals that, with one 
exception, the factory can be reached 
within 30 minutes by every employee. 
One-fifth of its employees live within 10 
minutes’ travelling distance ; the rest are 
equally divided between the time zones of 
20 to 30 and 10 to 20 minutes. It is almost 
certain that buses or trams are the only 
means of public transport used for the 
journey to work in this example. The Edge 
Lane industrial zone is surrounded by 4 
belt of residential areas which supply 
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FIGURE 7 


almost all the labour force for its factories. 
Firm B is an example of a firm within an 
industrial zone served, from the point of 
view of the journey to work, by road trans- 
port and having a compact, local labour 
catchment area. 

The time zones in Fig. 5 are calculated 
from a point within Speke Trading Estate, 
close to several industrial firms. An 
interesting feature is that Widnes and 
Runcorn are more quickly reached from 
Speke than is the Liverpool city centre. 
The journey from north Liverpool is 
longer than that from Warrington. The 
great eastward extension of the isochrones 
is a result of the excellent bus services in 
this district, which is also served by the 
railway lines between Liverpool and 
Warrington and Runcorn. 

Fig. 6 gives the distribution of the resid- 
ences of a 12 per cent. sample of the 
employees of Firm C. Rather less than 
one-fifth of the employees live within 
10 minutes of the workplace, that is, on 
the Speke Housing Estate. Only about 
one-quarter travel on a journey of 
between 10 and 30 minutes : of these, the 
majority lives in the densely-populated 
districts of Garston and Widnes. The 
better residential parts of south Liverpool 
are scarcely represented. Over half of the 
employees in the sample travel from 30 to 
50 minutes to work. There is a compact 
grouping in the inner residential districts 
of Liverpool, particularly where housing 
densities are high, e.g. Dingle. Most 
workers in the sample taken are unskilled, 
and in the lower wage-earning groups, 
which might be expected to live in the 
older residential parts of the city. A large 
group of employees, however, lives on the 
newer housing estates at Huyton. Such a 
large labour force as this firm requires 
cannot be supplied from within the rela- 
tively sparsely-populated area enclosed 
by the 30-minute isochrone. The more 
densely populated districts of Liverpool 
are drawn on for the quantity and quality 
of labour needed. The distribution of 
Firm C’s employees’ residences reflects the 
social zones of Merseyside as clearly as 
Fig. 2 does in the case of Firm A : but the 
social zones are almost the reverse of each 
other. There are, as yet, inadequate resi- 
dential facilities for all the employees in 
the new town of Speke. 
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Fig. 7 has been drawn with Green Lane, 
Tranmere (Birkenhead), as its centre. On 
the Lancashire side of the Mersey, the 
pattern of isochrones closely resembles that 
of the map centred on Liverpool Town 
Hall, with the exception that the isochrones 
do not extend as far outwards from Liver- 
pool. Almost the whole of the Wirral 
peninsula can be reached from Birken- 
head within the hour. The influence of 
the railway services to New Brighton, 
West Kirby and Chester is noticeable. 
The bus services appear largely as feeders 
to the railway, crossing Wirral transversely 
and, therefore, enclosing islands of relative 
inaccessibility. 

The residences of all foremen employed 
by Firm E have been plotted in Fig. 8. 
Fifty-six per cent. of these men have a 
journey to work of less than 20 minutes ; 
another third travel from 20 to 30 minutes. 
Most of these employees live in the eastern 
part of residential Birkenhead and Bebing- 
ton. Though Firm E’s labour catchment 
area is large, a very high proportion of 
employees is drawn from a small area 
adjacent to the workplace. 

The distribution maps are thus of two 
types. Firstly, there is the type (Figs. 4 
and 8) which depicts a dense cluster of 
residences close to the workplace and an 
increasingly thin scatter as distance from 
the workplace increases. In these cases, | 
the distribution pattern suggests condi- 
tions of relative social uniformity, in both 
a structural and a distributional sense. 
Other maps show scarcely any residences 
close to the workplace (or at middle dis- 
tances) but have clusters of employees 
relatively far away, in Fig. 2 in suburban 
areas. Such maps (Figs. 2 and 6) reflect 
the social zoning of Merseyside. The 
isochrone map is of greater value as a tool 
of analysis for the first type of pattern than 
for the second, where it may merely serve 
to distinguish one suburban area from 
another in terms of accessibility. Of this 
second group of maps, that showing the 
distribution of employees with Firm A 
(Fig. 2) will probably change little over a 
long period of time ; it is a mature dis- 
tribution. Firm C, at Speke, however, has 
a pattern which is likely to change con- 
siderably in the future. It displays an 
immature distribution. In this case, 
as more accommodation is provided in 
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housing estates near the site of the firm, 
the pattern of employees’ residences may 
come to resemble more closely the dis- 
tribution found in Figs. 4 and 8. 

The isochrone maps have, it may be 
concluded, a definite value in relation to 
the problem of the journey to work. In 
the first place, they give a reasonably 
accurate estimate of the minimum time 
taken in the journey from any home on 
Merseyside to the workplace. If the 
assumptions upon which the maps are 
drawn are unreal, they are at least applied 
uniformly to the whole area. Secondly, 
it may be that particular isochrones have 
a certain geographical or economic signi- 
ficance. For example, the 60-minute 
isochrone calculated from the city centre 
seems to mark the limits beyond which 
firms sampled do not draw their labour 
supply. The London Travel Survey of 1949, 
in contrast, records 20 per cent. of a sample 
of London’s workers as having a journey 
of 60 minutes and over. Further, the 
pattern of isochrones offers some interpre- 
tation of the transport services available. 
Some routes are shown to be quicker than 
others, even though they cover a longer 
distance. The predominant directions of 
passenger traffic flow are suggested. All 


this has significance in considering the 
relationship between workplace and resid- 
ence. We cannot, however, reasonably 
assume that the duration of the journey 
to work plays a causal role in determining 
in all cases the choice of either residence or 
place of work. It may be a limiting factor 
when, for example, the time exceeds 
60 minutes, but, for shorter journeys, 
other factors which the isochrone maps 
cannot suggest but which the maps show- 
ing the distribution of residences firm by 
firm do suggest, have often a far greater 
significance. The isochrone map is a more 
valuable analytical tool for a firm which is 
located in an area of relative social 
uniformity than for one whose labour 
catchment area includes contrasted social 
zones. In the latter case, mere length of 
journey as a factor determining the pattern 
of residences is often obliterated by more 
potent social and economic factors. The 
isochrone map is one tool in the analysis 
of the problem. It furthers one aspect of 
the enquiry but, alone and unsupported, 
it is inadequate for the full and complete 
analysis of the very varied economic, 
social and personal factors which ‘underlie 
the choice of workplace, residence and the 
journey itself. 


SECRETARY OF THE ASSOCIATION 


Ar the end of March 1954, Mr. D. N. Lowe, O.B.E., resigns from the Secretaryship of 
the Association on becoming Secretary of the Carnegie United Kingdom Trust. He 
joined the Association’s staff as Assistant Secretary in 1935 and was seconded during 
the war for duty as a member of the War Cabinet Secretariat. He rejoined the staff in 
1946 and became Secretary on the retirement of Dr. O. J. R. Howarth, O.B.E., at the 
end of the short Annual Meeting held in London in that year. 

Mr. Lowe is succeeded, on April 1, 1954, by Sir George Allen, C.B.E., lately Vice- 
Chancellor of the University of Malaya. Sir George Allen brings to the Association the 
benefits of a wide experience in medical research and teaching and in the administration 
of educational institutions. The Association is fortunate in being able to fill so satis- 
factorily the gap left by the present Secretary’s departure and the members of the 
Association will wish for both Mr. Lowe and Sir George Allen every success and satis- 
faction in their new work. 
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FINDING THINGS OUT WITH RADIO AND 
ROCKETS’ 


SIR EDWARD APPLETON, G.B.E., K.C.B., F.R.S. 


My address is going to be chiefly about 
the atmosphere above our heads and how 
we discover things about it, using radio 
waves and rockets. You will, no doubt, 
be saying to yourselves, ‘ What can there 
be to explore up there ? When I look up 
into a clear sky there seems to be nothing 
between me and space—except the air.’ 
However, as I hope to show you, some 
very remarkable things do happen in the 
upper atmosphere—although we cannot 
see them happening when we look up 
into the sky. And what is more, these 
happenings are of importance to us in the 
lives we live here on the earth—at the 
bottom of the atmosphere. Let me men- 
tion just two or three of these things. 
You often listen on the radio to talks 
relayed from America. Now wireless 
waves travel in nearly straight lines, 
without bending very much. So you may 
wonder how the waves, sent out from 
America, actually reach us. Since they 
cannot follow the curvature of the earth 
we should expect them to pass high over 
our heads, out into space. But this is just 
where something in our atmosphere comes 
in useful. High above the earth there are 
electrified layers that reflect the radio 
waves down to us. We call these layers the 
ionosphere because there are free electrons 
and free ions in them. If these reflecting 
layers did not exist, long-distance com- 
munication would be impossible. So it is 
important to find out all we can about 
the ionosphere—how it is formed, how it 
varies from hour to hour and from day to 
day. As I shall tell you later, there are 
sometimes storms in the ionosphere when 
the layers are disturbed and their reflecting 
power is weakened. The B.B.C. announcer 
1 The text of the Junior Presidential Address 


delivered to student members in the Philharmonic 
Hall, Liverpool, on Thursday, September 3, 1953. 
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then tells us that it is not possible to make 
direct radio communication with North 
America. 

Many other odd things have been dis- 
covered about the atmosphere. Would 
you believe that there is sodium in the air 
high over us? There is not much of it, 
but our experiments prove that it is 
undoubtedly there. Then there is also a 
layer of ozone which we call the ozono- 
sphere, and this layer, which is lower than 
the ionsphere, is very important to us ; 
for if it were not there, we should be so 
sun-burned by the ultra-violet light from 
the sun that life on the earth would pro- 
bably be impossible unless we went about 
in special suits to protect us. The ozono- 
sphere absorbs the most harmful part 
of the ultra-violet rays from the sun—just 
enough for us to be able to walk about 
in the sunshine without fear of damage to 
ourselves. On the other hand, a certain 
amount of ultra-violet light is essential to 
life, so if the ozone layer became so thick 
that it absorbed every bit of this light then, 
the doctors tell us, we should suffer from 
other troubles. So we may thank our 
lucky stars that the atmosphere contains 
an ozone Jayer of just the right strength 
to allow us to live comfortably on the 
earth. 

The atmosphere is a much more com- 
plicated affair than a glance into the clear 
sky would suggest. We know that it 
extends for hundreds of miles above the 
earth’s surface, getting thinner and thinner 
the higher we go, until, in the end, it 
merges into space, and even space, as we 
shall learn later, is not entirely empty. 

Scientists are inquisitive creatures, and 
want to find out everything about the 
atmosphere : how cold or how warm it is 
at different heights ; whether there are 
winds at great heights, and so on. We can 
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easily tell when there are strong winds in 
the bottom of the atmosphere, for then 
we see clouds travelling along, carried by 
the moving air. But clouds mostly occur 
below a height of 12 kilometres, so that 
it is impossible to tell, by eye, if there is a 
wind blowing above that height. (Kilo- 
metres are the units used by scientists and 
1 kilometre is slightly less than two-thirds 
of a mile.) 

Then there is another question: are 
there tides in the atmosphere just as there 
are in the seas and oceans? The atmo- 
sphere is a fluid, even if it is a rarefied one, 
so we should expect the sun and the moon 
to pull it out towards them as they pull 
the water in the oceans to cause the tides. 

But how are we to find the answers to 
all these questions ? We can of course go 
up in an aeroplane or a balloon and make 
measurements for ourselves. Almost 150 
years ago (1804) Gay-Lussac who, as 
you know, was interested in the behaviour 
of gases, went up to a height of 5} kilo- 
metres by means of a balloon. In those 
days people went up in an open basket, 
which was very much like a large clothes 
basket, suspended below a balloon filled 
with hydregen. When they wished to 
descend they pulled a rope that opened 
a valve which released the hydrogen 
slowly. It was all a rather dangerous 
and uncomfortable business. Ninety 
years ago (1862), two Englishmen, the 
meteorologist Glaisher and his friend 
Coxwell, reached a height of about 8 kiio- 
metres where they found the temperature 
25° C. below freezing point. They decided 
then that it was about time to start 
coming down, but, to their horror, the 
valve rope had become entangled. Cox- 
well climbed up the rigging to disentangle 
it, but his fingers became frost-bitten. 
Meanwhile the balloon went soaring 
upwards and Glaisher became unconscious. 
Eventually Coxwell succeeded in opening 
the valve by using his teeth and they 
reached the ground in the end but in sore 
distress. Then, in 1897, the Swedish ex- 
plorer and scientist Andrée, attempted to 
travel by balloon from Spitzbergen across 
the North Pole to Alaska. He and his 
companions disappeared and it was not 
until 1930 that another expedition found 
their remains and brought back their 
instruments and diaries. It is therefore 
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not surprising that this tragedy in 189) 
marked the end, for some time, of man. 
ned balloon ascents. However, in 1935, 
two courageous American Army Officers, 
Stevens and Anderson, went up in a 
balloon called the ‘ Explorer II,’ as high 
as 22 kilometres, which is the present 
‘record ’ for a manned balloon. But even 
that height is said to have been exceeded, 
in 1951, by a research aircraft of the 
American Navy, called the ‘ Skyrocket; 
which the pilot, William Bridgeman, flew 
up to 24 kilometres. This would, therefore, 
appear to have been the highest level 
reached by man. To complete the story of 
‘records,’ I may add that an American 
Army W.A.C. Corporal rocket unmanned, 
of course, has reached a level of about 
400 kilometres above the earth ! That, in 
every respect, is a record ! 

I must now turn to some of the things 
which have been found out about the air 
at these great heights. We all know that 
the temperature of the air falls as we go 
up a mountain, and Hillary and Tensing 
must have found the t2mperature falling 
to round about 40° C. below zero as they 
climbed to the top of Mount Everest, 
which is nearly 9 kilometres above sea- 
level. Sixty years ago, everybody believed 
that the temperature went on falling the 
higher you go. But near the end of the 
last century a Frenchman, Teisserenc de 
Bort, discovered this was not so. 

This scientist used to have great fun 
flying kites attached to steel piano wire 
and he attached his thermometers to the 
kites. On one occasion he was flying a set 
of eleven kites, on 8 kilometres of piano 
wire, when a terrible thing happened. The 
wire broke and the free kites trailed the 
wire over Paris causing all kinds of trouble. 
The wire fouled the propeller of a steamer 
on the River Seine ; it stopped a train ; it 
injured a gendarme who rather foolishly 
tried to hang on to it; but perhaps the 
most far-reaching effect was that it 
brought down the telegraph lines between 
Paris and Normandy on the very day 
(September 9, 1899); when a famous trial 
—the re-trial of Dreyfus—was ending at 
Rennes. Now it happened that not only 
France, but the whole world, was eagerly 
awaiting the result of this famous trial. 
However, due to the trouble with the 
telegraph lines, the news of the result 
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was delayed a full day. ‘ No more kites for 
me,’ said Teisserenc de Bort. Perhaps this 
was a good thing for science, because he 
now turned his attention to balloons to 
carry his thermometers aloft. At first he 
used, as balloons, hydrogen-filled paper 
bags enclosed in netting, and these carried 
his instruments to much greater heights 
than did the kites, for there was now no 
weight of wire to be supported. But, of 
course, there was the disadvantage that 
the balloons had to be recovered. To help 
with their recovery it was arranged that 
when the balloons burst, as they did at 
great heights, the instruments floated 
down attached to a parachute. 

Now, with his balloon, Teisserenc de 
Bort immediately made a most important 
discovery. He found in 1899, that the air 
temperature did not go on falling steadily 
the higher you go. Above a height of 
about 11 kilometres, where the tempera- 
ture had reached about 50° C. below 
zero, it remained constant. He later (1909) 
gave the name of troposphere, meaning 
sphere of change, to the lower part of the 
atmosphere, and the name of stratosphere 
to the region he had discovered. 

During the early years of the present 
century balloon work was actively pursued 
in this country, notably by W. H. Dines 
who devised a wonderfully light instru- 
ment called a meteorgraph which actually 
drew a graph of temperature against 
pressure as it was carried up by the 
balloon. And it is worthy of note that the 
first British University to associate itself 
with upper-atmospheric research of this 
kind was Manchester, which established, 
at the Howard Estate on Glossop Moor, a 
well equipped station for the investigation 
of the upper air. 

However, with balloons of this kind 
there was always the difficulty of getting 
back the instruments and their parachute. 
Sometimes it was months, even years, 
before they could be found. So, in the 
nineteen-thirties (1937, Vaisala in Finland), 
people began to use radio, and fixed a 
small transmitter with tiny batteries 
among the instruments carried up by the 
balloon. This radio set sends out signals 
that give, in turn, the temperature, the 
pressure and the humidity at each stage 
of the flight. These signals are received 
by a ground station which sometimes is 
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also fitted with radar to measure the 
balloon’s distance away. And, if we 
measure this distance at different times, 
we can find the rate at which the balloon 
is drifting, which gives us the wind speed. 
As can be readily understood, the recovery 
of the box of tricks containing the equip- 
ment is not necessary, though it is most 
desirable, since the equipment is expensive 
and one wants to be able to use it again. 
By the use of these balloons scientists have 
been able to find out things about the 
atmosphere well into the stratosphere—up 
to 30 kilometres in fact. But, of course, 
the scientist is never satisfied : that is part 
of his make-up. And, in recent years, 
rockets have been used to reach levels 
completely out of the range of balloons. 

I need hardly spend much time in 
describing how a rocket operates, for 
every boy—and every girl, too, for that 
matter—must have set rockets off on Guy 
Fawkes night (using a bottle for holding 
them upright while the match is applied) 
or a ‘sparkler’ or a ‘ golden rain’ or a 
‘blue-light’ or a ‘Prince of Wales’ 
Feather.’ The smallest boy or girl would 
nowadays be able to tell me that a rocket 
works by jet propulsion. Bigger boys and 
girls, who have had to recite Newton’s 
Laws of Motion and have done some 
chemistry, would tell me that some kind 
of fuel is burned quickly in a rocket and 
that the gaseous products of combust- 
ion escape rapidly backward ; and, as 
Newton’s third law tells us that ‘ to every 
action there is an equal and opposite 
reaction,’ the rocket shoots forward because 
the hot gases belch out backwards. If they 
went on further and said that the rate of 
change of momentum in both directions 
was numerically equal, I should give them 
full marks. 

Simple rockets have been used for many 
years by coastguards to shoot lines to 
shipwrecked mariners. In the nineteenth 
century they were used by the British 
Army to hurl incendiary and explosive 
charges to a distance of about a mile. 
There was even a British Field Rocket 
Brigade at the Battle of Waterloo whose 
work has been highly commended. How- 
ever, it was only during the last War that 
really big and efficient rockets were made. 
The German V2 rocket was a huge 
thing, weighing 14 tons fully loaded and 


357 


189) 
man. 
icers, 
high 
esent 
even 
ket, 
flew 
fore, 
level 
‘ican 
ned, 
bout ‘ 
it, in 
ings 
air 
that 
e go 
sing 
they 
rest, 
sea- 
the 
> de 
fun 
wire 
the 
.set 
ano 
The 
ble. 
mer 
shly 
the 

it 

een 
day 
rial 
at 
erly 
ial. 
the 
sult 


Finding Things out with Radio and Rockets 


10 tons of this was fuel—alcohol or oil and 
liquid oxygen. The rocket, in fact, carries 
its own oxygen, and so does not need 
oxygen from the air for burning its fuel 
as an aircraft does. A rocket will, there- 
fore, operate satisfactorily in the rarefied 
air at high atmospheric levels. 

The important thing required in a rocket 
is to get the fuel burning quickly so that 
the downward escape of the gases gives 
a big upward thrust. Much work has been 
done, and is being done, to find the best 
fluids for use in propelling the rocket and 
the best method of feeding the propel- 
lants, as they are called, into the com- 
bustion chamber. In the V2 rocket, the 
10 tons of fuel are completely burnt up 
in about a minute, by which time the 
rocket, if sent up vertically, has reached a 
height of 30 kilometres; it then coasts 
upwards, slowing down under gravity, to 
a height of over 150 kilometres and then 
falls back to earth. The whole flight 
occupies about 7 minutes. 

After the War the Americans used 
captured V2 rockets to explore the upper 
atmosphere above the desert at a place 
called White Sands in New Mexico. The 
rockets have been sent up carrying 
scientific instruments, and some of these 
instruments have transmitted their record- 
ings by radio, when in flight, to receivers 
on the ground, while others have been 
automatically released from the rocket 
when it begins to descend and have 
reached the ground by means of para- 
chutes attached to them ; and still others 
have been recovered from the wreckage. 
For it was found that if the warhead of the 
rocket was left on, the rocket crashed to 
the ground at such a speed that every- 
thing was disintegrated. But by arranging 
that the warhead was blown off the rocket 
by an explosive charge during descent, 
the increased air resistance to the motion 
of the rest of the rocket—now no longer 
streamlined—reduced the speed of descent 
so that the instruments could usually be 
retrieved undamaged, and used again. 
Actually the German V2 rockets are 
counted too heavy for this scientific work ; 
moreover they are expensive to manufac- 
ture. So the Americans have designed 
other types of rocket—the Aerobee and 
the Viking—specially for these experi- 
ments. 


Now to the actual measurements them. 
selves. The most obvious things ty 
measure are temperature and pressure, 
But the rocket so compresses and heats 
the air through which it hurtles that these 
measurements are very difficult to make, 
However, careful experiments have shown 
that, just ahead of the tail fin, there isa 
place where pressure is the same as that 
of the undisturbed air. So the pressure. 
measuring instrument — the recording 
barometer—is placed there. On the other 
hand, it is found quite impossible to 
measure the air temperature directly, for 
the skin of the rocket is heated up to 
200° C. by friction with the air. So tem- 
perature has to be calculated from the 
pressure reading: if we know the pres 
sures at two different levels, fairly close 
together, we can calculate the average 
temperature of the air between those levels, 

Before we consider some recent rocket 
results, let us remember what had been 
found out using the balloons. Such 
flights had shown that the temperature 
fell steadily to about — 50° C. at a height 
of 11 kilometres and then remained con- 
stant at that low temperature up to the 
highest levels reached by balloons, i.e,, 
about 30 kilometres. But it was also found 
by plotting atmospheric temperatures 
with height, using readings from both 
balloon and rocket measurements—that 
the temperature rises again above 30 kilo- 
metres and that we get a hot layer in the 
atmosphere between 50 and 60 kilometres 
above ground. There is, therefore, a 
region in the atmosphere which is actually 
hotter than the bottom layer in which we 
live. The curve plotted from these read- 
ings also shows that, as we go up above the 
warm layer, we reach another temperature 
minimum—at 85 kilometres—and_ here, 
we think, is the coldest level in the whole 
atmosphere. This particular level of 
85 kilometres is very interesting for it is 
the level where we sometimes see what are 
called noctilucent clouds. These clouds 
at very great heights are bluish-white in 
colour and are very beautiful. We do not 
yet know what they are made of, they may 
be composed of tiny crystals of ice or of 
dust from meteors or comets or even from 
volcanoes. They are so high that they 
reflect the light of the sun after it has sunk 
below the horizon. Above 85 kilometres 
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the air gets warmer, and it may well be 
that the temperature eventually rises to a 
value exceeding that in the warm layer 
at 50 to 60 kilometres. It is thought that 
in the outer atmosphere it may be as high 
as 1,500° C. 

Rockets have also been used to take 
samples of the air at different heights. 
This is done by arranging that vacuum 
flakks open, become filled with specimens 
of air and then close at prearranged times 
during the flight. The samples are after- 
wards analysed and it has been found that 
the composition of the atmosphere does 
not alter much from ground level up to a 
height of about 70 kilometres. 

Rockets have also been sent up through 
the ozone layer which, as I have said, 
absorbs and so removes much of the ultra- 
violet light from sunshine as it passes 
through it. We can tell when this has 
happened if an instrument which can 
detect ultra-violet light is carried in the 
rocket, because, above the ozone layer, 
the strong ultra-violet light is still present 
in the sunlight. The instrument used for 
doing this is called a spectrograph, as it 
analyses the sunlight according to the 
various wave-lengths in it. When the 
ultra-violet light is absorbed in the ozone 
layer, heat is produced, and it is this heat 
which is responsible for producing the 
warm layer which has its maximum tem- 
perature 50 to 60 kilometres above the 
ground. 

Now I must leave the subject of explor- 
ing the atmosphere by means of rockets. 
But I hope I have said enough to show 
what a useful device the rocket is for 
finding things out about places we cannot 
visit. All kinds of instruments can be put 
in a rocket for measuring things at great 
heights. Scientists have used Geiger 
counters in rockets for studying cosmic 
rays. They have also used magneto- 
meters for measuring how the earth’s 
magnetic field falls off in strength as dis- 
tance from the earth increases. But one 
of the nicest things scientists have done is 
to send up continuously operating cine 
cameras. A picture taken by such a 
camera at 130 kilometres shows the curva- 
ture of the earth quite clearly enough to 
convince anyone—if there is such a person 
still thinks the earth is 
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I now turn to the use of radio waves for 
probing the atmosphere and finding things 
out about places we cannot visit. The 
great advantage of the radio method of 
exploring things is that it is relatively 
cheap, while rockets are expensive : you 
cannot be shooting rockets all the time, 
but you can look for things by radio without 
stopping. In this way you can be sure that, 
if unusual things happen in the atmo- 
sphere, you can detect and record them. 

Everyone knows nowadays that we can 
detect things like aircraft and ships by 
radar, which works because aircraft and 
ships reflect radio waves, that is, because 
they are solid objects. A concentrated 
beam of radio waves is sent out by a radar 
station, and if this beam falls on a solid 
or liquid object, a small fraction of the 
radio energy is reflected back to the radar 
station where it can be detected. We 
know then that there must be some solid 
or liquid body in the direction in which 
our radio beam is pointing. But radar 
does more for us than that, for, besides 
giving us the direction in which the 
reflecting body lies, it also gives us the 
distance away in that direction. To achieve 
this, the radar station sends out a con- 
tinuous succession of short pulses—or jabs 
—or spurts—of radio waves. Each pulse 
produces its own echo by way of the radio 
reflection, and so we get back a succession 
of echoes. But, of course, each echo comes 
back a short interval after the pulse which 
produced it was sent out. We call this 
short time the echo delay time. 

You use the essential principle of radar 
when you clap your hands some distance 
from a cliff and listen for the echo of the 
clap by way of reflection from the cliff. 
You can recognise the delay, in that case, 
by ear, for sound waves do not travel very 
fast. But radio waves travel a million 
times as fast as sound waves, so, in radar, 
we have to use very rapid methods of 
detecting and timing the echoes from 
reflecting objects. Yet these things, and 
much more, can be done by electronics. 
Usually the radar beam is arranged to 
rotate steadily looking at all directions 
in succession. Then it is possible to display, 
on the radar screen, all reflecting objects 
within range with their distances and 
their directions correctly indicated as on 
a map. 
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But although radar is now well known 
because of its use in the War for detecting 
enemy aircraft and ships, and afterwards 
for assisting peace-time navigation on land 
and sea, the basic method of radar was 
developed, and first used, for exploring 
the upper atmosphere. Using what we 
may call scientific radar, the ionosphere 
was discovered in 1924 and 1925. This is, 
as I mentioned, the shell of free electricity, 
high up in the atmosphere, which consists 
of free electrons and ions. An ion, by the 
way, is an atom or molecule which has had 
an electron chipped off it. To investigate 
the ionosphere we send our beam of radio 
pulses vertically upwards and we usually 
receive the echo pulses at the same 
station and almost always on the same 
aerial. Echoes coming back from the 
ionosphere can be quite strong. Very 
often the echo waves bounce on the ground 
and go up again to the ionosphere, and 
we then get what we call multiple echoes. 
From the delay time between the sending- 
out of a pulse and the arrival of its first 
echo, we can calculate the time of travel 
of the waves on their up-and-down 
journey. Then, knowing the speed of 
radio waves (which is the same as the 
speed of light) we can estimate the level 
at which the waves have been reflected. 
For example, if the echo comes back after 
a thousandth of a second, we know the 
waves have been reflected at a level of 
150 kilometres above the ground. 

By making height measurements of this 
kind, scientists have been able to find the 
heights of the reflecting layers in the 
ionosphere. But, from a practical point 
of view, we want to know the range of 
radio wave-lengths which the ionosphere 
will reflect. We know, of course, that the 
ionosphere will not reflect all wave- 
lengths, because light from the sun can 
pass straight through the ionosphere and 
light waves are really the same things 
as radio waves only their wave-lengths are 
many million times shorter. We can show, 
in a theoretical calculation, that short 
waves penetrate an ionospheric layer 
more readily than do long waves. So we 
can experiment with our radio pulse- 
equipment, starting first with long waves, 
which are reflected, and then going 
gradually to shorter and shorter wave- 
lengths. At a particular critical wave- 


length we find that our echo disappears 
and we know then that the layer has been 
pierced. This critical penetration wave. 
length is an important quantity, since 
once we know it, we can calculate the 
electron concentration, that is, the number 
of electrons per cubic centimetre in the 
densest part of the layer. 

I can put all this for you in another way, 
using an analogy. Let us suppose that 
over our heads there is a horizontal net, 
with all its holes exactly the same size, 
To get some idea of the size of these holes 
without actually measuring them we could 
throw balls of different sizes vertically 
upwards, to see if any of them would go 
through the net. Starting with large balls 
first, we would find them coming back 
to us—being reflected that is. As we used 
smaller and smaller balls we would 
eventually find one that would just go 
through the holes and not be reflected at 
the surface of the net. That would be 
what we call the critical size—and this 
would correspond, in the ionospheric case, 
to the critical penetration wave-length. 

In actual practice we usually speak of 
critical penetration frequency rather than 
critical wave-length. There are over a 
hundred stations in different parts of the 
world finding these critical frequencies 
for the different layers of the ionosphere 
every hour of the day. These are radio 
pulse stations which automatically switch 
themselves on every hour and then change 
their radio-frequency continuously over a 
wide range. The radio echoes are regis- 
tered on photographic paper and next day 
this paper can be developed and we can 
find the values of the critical penetration 
frequencies at each hour. I remember 
starting to make measurements of this 
kind, over twenty years ago, but I had to 
stay up all night for the purpose. Now- 
adays we have automatic equipment for 
this work which records the measure- 
ments while we sleep. 

Having got the value of the critical fre- 
quency for any particular layer, we can 
calculate by a reliable theory, the electron 
population in the densest part of the layer. 
We have found that there are two layers, 
the E Layer and the F Layer; though 
sometimes we distinguish between the 
lower and the upper parts of the F Layer 
by calling them the F1 and the F2 Layers 
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respectively. In the E Layer at mid-day 
we may have a maximum electron con- 
centration of 100,000 electrons per cubic 
centimetre ; while in the F2 Layer we 
may have ten times that figure. However 
we usually find the F2 Layer to contain 
the strongest concentration of electrons. 
It is therefore the most important layer 
from the standpoint of practical radio 
communication due to the influence of the 
ionosphere, for it will reflect the shortest 
wave-length. 

As soon as we learned how to investigate 
the ionosphere by critical penetration 
frequency methods, and so were able to 
measure electron concentrations, it was 
possible to make some progress in under- 
standing ionospheric phenomena. We 
could find out, for example, how the 
electron concentration varied throughout 
the day, and we discovered that there 
were always more electrons in the iono- 
sphere at noon than at midnight. This 
gave us a hint that ultra-violet light from 
the sun might be responsible for producing 
the ionosphere. This hypothesis was first 
proved by some experiments made by the 
critical-frequency method during a total 
eclipse of the sun, in 1931. It was found 
that, as the moon covered more and more 
of the sun’s disc, the electron concentra- 
tion in the ionosphere was reduced. This 
meant that the moon was cutting off the 
solar radiations which were the cause of 
the ionosphere, and we infer that such 
radiations consist of ultra-violet light. 

As we have now been measuring 
electron concentrations in the ionosphere 
for over twenty years we have got to 
know a great deal about ionospheric 
variations. We have been able to show, 
for example, that the electron concentra- 
tions in the various layers increase in the 
course of the sunspot cycle, which must 
mean that when there are plenty of sun- 
spots the ultra-violet light emitted by the 
sun is specially intense. We have, how- 
ever, suspected now for many years that 
electrified particles as well as optical 
waves are emitted from sunspot areas on 
the sun’s face. We think that, sometimes, 
both particles and waves are erupted at 
the same time and both, in due course, 
reach the earth’s surface. But the optical 
waves in both the visual and ultra-violet 
parts of the spectrum travel from the sun 
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to the earth in about 84 minutes, whereas 
the electrified particles arrive over a day 
afterwards. There is a kind of race across 
space and the light waves beat the par- 
ticles easily. When the optical waves 
reach the earth the astronomer can see 
what we call a solar flare near a sunspot 
area. When the particles reach the earth 
they cause a magnetic storm and often 
also a display of the aurora of northern 
lights. Our ionospheric measurements 
also show us that, during a magnetic 
storm, the ionosphere is churned up and 
disturbed ; we call such conditions an 
ionospheric storm. So it is possible to 
understand how big magnetic and iono- 
spheric storms often occur about a day 
after a bright solar flare has been seen. 
Some years ago Dr. J. S. Hey and I dis- 
covered that very often when a solar flare 
occurs there is a strong burst of radio 
waves from the same sunspot area. The 
radio emission from the sunspot area is so 
intense that the waves can be detected 
after travelling all the way from the sun 
to the earth, which is a distance of 
93 million miles. Nobody knows quite 
how these radio waves are generated, but 
some Australian scientists have suggested 
that they are produced in some way by 
the electrified particles, emitted by the 
sunspot area, as these particles make their 
way through the sun’s own ionosphere. 
For the sun, like the earth, has an iono- 
sphere which we call the solar corona. 
It can be most easily seen by the naked eye 
at the time of a total eclipse of the sun. 
The Australian scientists have detected 
these bursts of radio noise on different 
radio wave-lengths, and they believe that, 
in that way, they have been able to 
measure the speed of the electrified par- 
ticles as they rise up from the sun, through 
the corona, and out into space. I cannot 
go into the details of this experiment now, 
but it depends on the fact that the sun’s 
ionosphere will only allow radio waves 
of greater frequency than a certain value 
to escape from a particular level in it. 
For example very short radio waves can 
escape from the bottom of the corona, but 
longer radio waves can only escape from 
the highest levels of this solar ionosphere. 
However, the really important thing for 
us is that the Australian experiments 
suggest that the electrified particles travel 
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through the corona with a speed of about 
1,600 kilometres per second, which is 
about the speed necessary to cause these 
particles to take about a day to travel 
from the sun to the earth. It looks as if 
we can now witness, by radio means, the 
actual birth of a magnetic and an iono- 
spheric storm. 

So far I have been dealing with the use 
of radio for helping us to understand the 
effects of solar radiations on our own 
atmosphere—but there are other things 
which invade our atmosphere at high 
levels. I refer, of course, to meteors or 
‘shooting stars’ as they are often called. 
These things come without warning, flame 
through the sky and disappear. Each is 
due to a very tiny speck of sand or gravel 
which plunges into our atmosphere from 
outer space and usually gets burnt up in 
doing so. If it is big enough for this not to 
happen and it actually reaches the ground, 
we call it a meteorite. We cannot, of 
course, see the meteors themselves because 
they are so small : all we can see is where 
a meteor has been—by the trail of light 
it produces as it burns up due to the heat 
caused by friction of the air. 

For many years the subject of meteors 
was studied by visual methods which had 
limitations. For one thing, meteor trails 
can be seen only on clear, moonless 
nights : they are invisible during the day. 
Also, they are over in no time, and it has 
been difficult to measure their speeds 
accurately. However the introduction 
of radar methods of investigating meteor 
trails has revolutionised the subject, 
clearing up many doubtful points. Radio 
waves are reflected by meteor trails, that 
is by the strokes of luminosity we see. The 
meteor trail can be considered as behaving 
like a long reflecting aerial of wire, and 
although the radio echo it throws back 
does not usually last longer than a few 
seconds, even that short time permits the 
radar set to indicate the distance away. 
Radar methods have also been used to 
measure the speed with which the bright 
trail develops, and this gives the speed of 
the meteor itself. I ought to stress the fact 
that the tiny meteor particle is too small 
to be detected by radar. It is only the 
electrified meteor trail which gives the 
radar reflection, but that is sufficient for 
most purposes, and we have the special 
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advantage that the radar method of 
detection will work at any time—on cloudy 
nights and in full daylight. Since 1946 
some most important work on this subject 
of the radar detection of meteors has been 
carried out near Manchester—a town not 
famous, I think, for its clear skies—by 
Prof. A. C. B. Lovell and his associates, 
They have, for example, discovered a 
series of intense day-time meteor showers 
which occur in May and continue till the 
end of July. Observers who had pre- 
viously had to rely on their own eyesight 
had, of course, no idea that these day-light 
showers occurred at all. But, to my mind, 
the most important result of the Man- 
chester University work has been the 
accurate measurement of meteor veloci- 
ties. We have long wanted to know 
whether meteors, which are the debris of 
outer space, belong to our own solar 
system or not. Astronomers have calcu- 
lated that, if a meteor has a speed of less 
than 72 kilometres per second it must 
belong, as the earth does, to the solar 
system. On the other hand, if the speed 
of a meteor is greater than 72 kilometres 
per second it possesses enough energy to 
overcome the gravitational pull of the sun 
and so escape from the solar system. The 
Manchester scientists have measured the 
velocities of many hundreds of meteors 
and have never yet measured one exceed- 
ing 72 kilometres per second. It therefore 
looks as if we can picture all meteors as 
being subject to the gravitational control 
of the sun and therefore as being members 
of our own solar system. 

I mentioned earlier that radio waves 
are reflected by liquids as well as by solids. 
So a radar station can be used to detect 
drops of rain as they are falling. We cannot 
detect a single drop of rain by radar but 
we can detect the combined reflections 
from the many drops which make up a 
heavy rainstorm. Thus radar may be 
used to locate regions where rain is 
falling within an area of several thousand 
square miles surrounding the observing 
stations. This is particularly important 
for finding the position, direction of 
movement and the speed of hurricanes so 
that ships and coastal stations may be 
warned of their approach. 

We have considered just a few of the 
things that we.are finding out with radio 
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and rockets. But, of course, there will be 
much more to tell you in ten years’ time 
and still more in twenty years’ time, and 
so on. In science, progress never stops : 
that is the fascination of it. You may be 
sure that many further exciting things 
will come from experiments with rockets. 
One trouble with present rocket work is 
that the projectile does not stay long at its 
greatest height and it has been suggested 
that, if we could get a rocket high enough, 
so that the resistance of the air becomes 
quite negligible, we could make it travel 
round the earth at a constant height. In 
such a case the rocket would become a 
satellite of the earth—like the moon, but 
of course not so far away. The scientific 
basis of this is all quite sound because we 
can picture the attraction of the earth on 
the rocket just balancing the rocket’s 
tendency to fly away due to centrifugal 
force. Gravity would then be neutralised 
at the level of the rocket and there would 
be no such thing as weight as we know it. 
Of course the nearer to earth the satellite 
is situated, the faster it would have to 
travel to maintain these conditions. One 
can calculate that an orbital rocket of this 
kind would have to travel round the earth 
in 2 hours if its height were 1,669 kilo- 
metres, whereas it need only travel round 
earth in 24 hours if its height were 35,900 
kilometres. People have designed mul- 
tiple rockets—in theory, that is—to reach 
the lower of these two great heights—one 
rocket taking the assembly up a certain 
distance and then setting off a smaller one 
and so on. The overall weight required, 
again in theory, comes out at 7,000 tons, 
the weight of a light cruiser. Nearly all 
the weight is due to the fuel, and the weight 
of the part which finally arrives at the 
required height is 24 tons. Even the cost 
has been estimated and that comes out 
at 4 million dollars per orbital rocket ! 
Some of the more enthusiastic people 
who write on space travel assume all this 
to be easy and then go on to picture a 
fleet of orbital rocket ships travelling 
round the earth; these are to serve as a 
kind of space terminus station for trips to 
the Moon, to Mars, and so on. Pictures 
are shown of men at these orbital ship 
stations moving about outside in space 
suits. They must, of course, be tied to the 
space ship to ensure that they keep up the 
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necessary speed. Inside the space ship 
which is supposed to be pressurised one 
might think that life would be fairly 
normal, But just think of what would 
happen if you tried to have a meal. You 
could use a weightless knife and fork, I 
think, but it would be most amusing to try 
to use a spoon because food, having no 
weight, could not be expected to stay on 
it! Perhaps sugar-tongs or chopsticks 
would be the most useful! It is all very 
amusing to think about, so long as you 
do not lead people to believe that all this 
is round the corner. 

No, a great many unknown factors must 
be examined before we can picture a 
human being coasting round the earth in 
an orbital space ship. One question is 
whether ‘ space man ’ can survive such an 
experiment. Can he stand the accelera- 
tion necessary to send him to these great 
heights ? Can he stand the exposure, for 
any length of time, to the heavy cosmic 
rays from which we are protected at 
ground level by the atmosphere ? What is 
the chance of the space ship being punc- 
tured by a heavy meteor and so on? 
Clearly far more experiments will have to 


be done with rockets containing instru- 
ments, and then with living animals, to 


try to settle these questions. In fact, 
monkeys have travelled up in rockets to a 
level of 130 kilometres, and do not seem 
to have been unduly perturbed by their 
experience. 

Then we have always to think of the 
possibility of some new scientific discovery 
that would alter completely our present 
way of thinking: the discovery of some 
new rocket fuel far more efficient than 
our present ones and so on. Scientists will 
proceed to these matters slowly, checking 
up this point and that before hazarding 
any human journey beyond our atmo- 
sphere. What I think is so foolish is to ask 
a scientist to tell you how long it will be 
before one can take a ten-day trip round 
the moon and have a look at something no 
human being has ever seen—the back face 
of the moon! And still more foolish is 
the scientist who tells you that this will 
all certainly happen within twenty or 
fifty years’ time. I myself read every 
serious book I can get hold of on the topic 
of space travel for I find it a fascinating 
subject; but I would not dream of 
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hazarding a guess in these matters, just 
because we cannot predict the future of 
developments in science—developments 
which might alter completely our present- 
day ideas on this subject. 

So far we have considered the peace- 
time uses of radio and rockets, but we 
must remember that both radio and rocket 
can be used, in war, to kill people. That 
is what happens with scientific knowledge ; 
it can be used for good or ill. Let me give 
you the simplest of examples to illustrate 
this point. Over the last twenty-five 
years the radio-scientist has developed 
efficient methods of broadcasting over 
short and over long distances. We, there- 
fore, have means whereby nation can 
speak to nation. However, the radio- 
scientist, so to speak, hands over the micro- 


phone to other people, who can broadcast 
good or evil things as they please. The 
same radio installation can be used to 
transmit, to a distant people, in their 
homes, truth and goodwill ; or it can be 
used to convey untruths, to breed suspicion 
and engender hatred. Yet it is the same 
microphone in the two cases. But, of 
course, it is not the scientist’s business to 
dictate how his discoveries are used, and I 
think it would be wrong of him to refuse 
to develop new things because those new 
things might be used in the wrong way. 

So let me leave this last thought with 
you. We must look on the gifts we get 
from science as charging every one of us 
with a great responsibility : the responsi- 
bility of using them for the benefit, and 
not the ruin, of our fellow men. 
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PREVENTIVE MEDICINE AMONG FARM 
LIVESTOCK 


Ar the Liverpool Meeting of the Association, Section M (Agriculture) devoted the 
morning of September 7 to a discussion on preventive medicine among farm livestock. 
Prof. E. G. White, University of Liverpool, in an introductory paper, illustrated some 
of the ways in which farm animals can be protected against diseases, whether introduced 
from abroad or established in Great Britain. Mr. J. N. Ritchie, Ministry of Agriculture 
and Fisheries, discussed the contribution of the State to disease prevention and control. 
Dr. E. L. Taylor, Ministry of Agriculture and Fisheries, considered the influence of 
parasitic diseases on animal production. The symposium ended with a contribution 
from Mr. J. O. L. King, University of Liverpool, on the influence of animal husbandry 


on disease. 
The papers are printed below in full. 


PREVENTIVE VETERINARY MEDICINE 
AMONG Farm LIVESTOCK 


by 
Prof. E. G. White 


My task is to introduce the subject in 
general terms, leaving my colleagues to 
deal with those aspects in which they have 
a special interest—State medicine, animal 
husbandry and parasitic diseases. 


Tue Foop SHORTAGE 


The greatest problem of the next 
generation may be to produce enough to 
eat. World population is increasing at a 
greater rate than world food production, 
and an era of world peace may well cause 
an even greater disparity unless we can 
turn swords into ploughshares and spears 
into pruning hooks. This means spending 
the effort and money we had to devote 
to wars in getting acres into cultivation 
and in producing more food per acre. In 
many countries much valuable land is 
being lost by soil erosion and everywhere 
land used for growing food has to be 
diverted to other uses. Great areas of 
potential agricultural land cannot be 
used for food production because animal 
disease like trypanosomiasis, cattle plague 
or tick-borne infections are rife. In many 


parts of the world the standards of breed- 
ing, feeding and management, along with 
tribal customs, result in the keeping of 
large numbers of stock of very low pro- 
ductivity. But this world view of food 
production is too large to be considered 
in any detail to-day. Instead we must 
confine our attention to Great Britain, 
where fifty million people produce enough 
food for thirty million and where the aim 
is to increase food production by 1956 to a 
level 60 per cent. higher than pre-war, 
instead of 40 per cent. higher as it is 
now. 

Preventing disease in livestock increases 
and prolongs their productivity and is 
thus one way of increasing food produc- 
tion. By producing more food at home 
we can help other countries as well as 
ourselves. 

Veterinary preventive medicine means, 
quite simply, keeping animals healthy by 
preventing disease. It is not restricted to 
preventing disease caused by infective 
agents, such as bacteria, viruses, protozoa 
or animal parasites; it covers a much 
wider field, embracing the prevention of 
nutritional and metabolic diseases and 
poisoning, the avoidance of methods of 
housing and management which favour 
disease, and the careful selection and con- 
trol of animals used for breeding. 
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Preventive Medicine among Farm Livestock 


PREVENTION IS BETTER AND CHEAPER 
THAN CURE 


Prevention is not only better than cure ; 
it is usually cheaper. Since veterinary 
medicine as applied to farm animals is still 
governed by the price which the farmer, 
or in some cases the State, can afford to 
pay, it is clear that cost is an important 
factor. 

In contrast to preventive medicine there 
is curative medicine, by which diseases 
are relieved by medicinal or surgical 
treatments and animals are restored to 
heaJth and productivity. Unfortunately, 
it is not always possible completely to 
repair the damage that tissues and organs 
have sustained. Quarters that have been 
damaged by mastitis may take a Jong time 
to recover their original secretory activity, 
and they may never do so; sheep with 
parasitic gastritis or enteritis or fluke 
infestation may be too weak to tolerate 
an anthelmintic: and animals with a 
vitamin deficiency may succumb to a 
secondary bacterial or virus infection 
because their resistance has been lowered. 
Furthermore, we can often prevent disease 
even when we have as yet no means to 
cure it, or do not even know its cause. 
Thus, in the latter half of the nineteenth 
century diseases like sheep pox, cattle 
plague and pleuropneumonia were eradi- 
cated by restricting importation, and 
by quarantine, slaughter and sanitary 
measures Jong before the causes of these 
diseases were known. 


Some DIsEASES AND WAys OF 
PREVENTING THEM 


A century ago the prevention of disease 
among farm livestock consisted mainly 
in controlling the great animal plagues, 
which the movements of men and animals, 
especially in wars, transmitted from one 
country to another. Little was known of 
nutritional diseases; bacteria, viruses 
and protozoa were not yet discovered ; 
and diseases were recognised essentially 
by their spread and by the deaths which 
they caused. In some less developed 
countries preventive veterinary medicine 
is still very much at this stage. The main 
effort there is devoted to controlling infec- 
tious diseases and there is little oppor- 
tunity to deal with internal parasites, 
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nutritional deficiencies or disorders of 
metabolism. Feeding and management 
are still primitive and yields of milk and 
meat are low. 

In this country we have long since 
eradicated cattle plague, sheep pox, 
glanders and pleuropneumonia, but some 
diseases still come to us from abroad— 
foot-and-mouth disease, fowl pest and 
anthrax are examples. Rabies is kept out 
or limited to quarantine kennels. Of the 
diseases which are enzootic, we have done 
much to contro] mastitis and abortion in 
cattle, many of the diseases of sheep 
caused by the anaerobic spore-bearing 
bacteria (lamb dysentery, braxy), nutri- 
tional diseases caused by lack of minerals, 
vitamins or trace elements in poultry and 
pigs ; and we are well on the way to 
eradicating bovine tuberculosis. The next 
stage is to try to prevent the diseases that 
remain—infertility, metabolic disorders, 
Johne’s disease, fowl] typhoid and a whole 
host of other conditions which have not 
so far entirely yielded all their secrets 
and to which more attention needs to be 
given. 

The methods used to prevent disease 
depend on the causes of those diseases, 
their ways of introduction and spread, 
the ease with which they can be recognised 
and the cost of controlling them. With 
diseases like foot-and-mouth, in which 
infection comes always from abroad, 
attention is concentrated on preventing 
the virus getting into Britain by control of 
imported animals and animal products, 
destroying the virus when it arrives or at 
least keeping it away from susceptible 
stock, and eliminating all animals which 
develop infection or are in contact with 
affected stock. 

With some infective diseases the causal 
agent lives in the soil and cannot be entirely 
eliminated. The main method of preven- 
tion in such diseases is to protect the 
animal by the use of vaccines which give 
an active immunity. Tetanus, lamb 
dysentery and blackleg are examples. 

Then there are diseases like swine fever 
and fowl pest which are introduced from 
abroad from time to time but are per- 
petuated by the traffic in animals and by 
raw animal products. The boiling of 
swill and its separation from stock until 
it has been boiled is one way of preventing 
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spread of these diseases. The recent cam- 
paign to encourage vaccination of pigs, 
in the face of a greatly increased incidence 
of swine fever, is another. The restrictions 
on infected premises and on markets is a 
third method. With the great rise in the 
pig population and the increased traffic in 
pigs swine fever has become very wide- 
spread in recent months and vigorous 
steps are needed to control it effectively. 
Rapid and certain diagnosis is also a 
problem here, for the virus which causes 
the disease does not always produce 
lesions that are characteristic. 

With parasitic diseases, the problem is 
rather different. In the case of most 
internal parasites which cause losses in 
farm stock we cannot hope entirely to 
avoid their development in the animal : 
our aim at present is rather to limit the 
size of the infestation by strategic treat- 
ment and by appropriate methods of 
management and also to help animals 
to withstand the ill effects of the para- 
sites by giving them an adequate diet. 
This means well-fed animals, exposed 
to a limited infestation of internal para- 
sites and regularly treated with anthel- 
mintics. Perhaps in no other type of 
disease is prevention so much better than 
cure. 

Proper nutrition is of importance also 
in its own right, by preventing specific 
nutritional deficiencies. The prevention 
of swayback in lambs by feeding copper to 
the ewes, or of anaemia in young pigs by 
giving a supply of iron are two examples 
from among many. The last fifty years 
have seen tremendous advances in our 
knowledge of the nutritive requirements 
of animals and much can be done to 
prevent deficiencies of minerals, trace 
elements and vitamins. 

When we turn to poisoning, we find 
another good example of the value of 
preventive medicine. Some ten years ago 
I pointed out the danger of lead poisoning 
in calves. To illustrate the extreme 
toxicity of lead for calves under certain 
conditions, I recorded the death of a calf 
from acute lead poisoning seven days after 
it had been given one-third of an ounce 
of paint scraped from one square foot of a 
painted door used as a partition in a calf 
pen where animals had recently died 
suddenly. Others have since stressed the 
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same danger. And yet lead poisoning in 
calves is still all too common. 

Of recent years much attention has been 
given to fluorosis in livestock on farms 
near certain types of industrial plant. 
Fluorine poisoning has recently been said 
to be a serious menace in the Rotherham 
district. Vegetation is not affected as the 
contamination is superficial. Stock can be 
protected only by keeping them housed 
for long periods. It is odd to recall that 
in an area where fluorosis is serious among 
farm stock it is proposed to add fluorine 
to drinking water in order to protect the 
teeth of children from caries ! 

Water is of great importance in the 
prevention of disease. On the one hand, 
a piped water supply helps farmers to 
produce clean milk and to reduce the 
concentration of disease-producing agents. 
On the other hand, water may help to 
perpetuate and spread disease. The farm 
pond, in which animals defaecate, pro- 
vides a favourable site for the survival of 
the organism of Johne’s disease ; damp 
places favour the survival and develop- 
ment of a variety of internal parasites and 
their intermediate hosts, such as the snails 
that harbour the liver fluke, or the infec- 
tive stages of gastro-intestinal worms and 
lungworms. 

In 1952 it was estimated that 97 per 
cent. of farm water came from wells or 
springs. The provision of main water to 
farms, the fencing of ponds and the 
drainage of wet land are important ways 
of improving animal] health and increasing 
farm efficiency. 


‘Losses DuE TO DISEASE 


Having indicated some of the ways in 
which diseases are produced and some of 
the methods of preventing them, let us turn 
to the losses they cause. Many estimates 
of losses from diseases of livestock have 
been made, both here and abroad. But 
in the absence of reliable statistics they 
must be merely guesses. Except for the 
notifiable diseases, we have few adequate 
records of the losses from disease or their 
precise causes. In 1952 the Ministry of 
Food recorded a loss of £414,000 on the 
sale of hides damaged by the larvae of the 
warble fly; to this must be added the 
loss of milk and condition resulting during 
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the animals’ life. If farmers dressed their 
cattle for warbles during the prescribed 
season these losses would be very greatly 
reduced and the warble fly largely 
eradicated from many areas. In 1951-52 
the cost of controlling foot-and-mouth 
disease amounted to some three million 
pounds in compensation, together with 
the costs of operating the eradication 
campaign. So massive an epidemic could 
not be anticipated and may not occur 
again. Since we believe that infection 
came from the Continent, perhaps through 
birds, there may be some hope that the 
endeavours of F.A.O. to promote an 
international scheme for control of the 
disease may eventually benefit us. But it 
is difficult to convince countries which 
regularly have large outbreaks and do not 
adopt the slaughter policy to take steps 
designed to protect our own island, where 
every bovine is fully susceptible and where 
freedom from the disease is essential for 
our continued export trade to various 
parts of the world. 

In 1940 it was estimated that mastitis, 
contagious abortion and sterility caused 
an annual loss of twenty million pounds. 
Thanks to penicillin and other antibiotics 
for mastitis, Strain 19 vaccine for con- 
tagious abortion and better knowledge of 
reproductive disorders, aided by the use 
of artificial insemination, the incidence 
of all three diseases has been reduced 
although much remains to be done. 
Temporary freedom from such diseases, 
however, tends to make _ stockowners 
careless and it is necessary repeatedly 
to warn against the recurrence of abor- 
tion, for instance, if vaccination is not 
practised. 

For animal diseases we have no system 
of records like that which the reports of 
the Registrar-General provide for human 
diseases. Knacker’s yards, to which so 
many sick animals go, give us no informa- 
tion. Abattoirs, which for the most part 
lack veterinary inspection and facilities for 
laboratory study, provide records which 
are quite inadequate. Veterinary practi- 
tioners seldom record their cases. There is 
an urgent need for more adequate records 
of the incidence of disease and the causes 
of death. For only by knowing just what 
diseases exist, where they occur and how 
common they are can we properly apply 
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the principles of preventive and curative 
veterinary medicine. 

When estimates are made of losses from 
disease among livestock—one estimate is 
some eighty million pounds a year—it is 
often assumed that all this is preventable. 
Now although we know much about 
disease and its prevention, it is certain 
that not all of it can be prevented ; the 
estimate we really need is that for pre- 
ventable disease. And if every major 
disease existing among livestock to-day 
were entirely prevented, other diseases 
which we had not noticed, or which had 
been suppressed by the diseases which 
formerly were rife, would take their toll. 
Furthermore, even the best methods of 
prevention are rarely 100 per cent. 
effective. 


Cost as A Facror 1n DISEASE 
PREVENTION 


Veterinary medicine differs from human 
medicine in that farm animals have a 
definite monetary value. The cost of 
preventing and controlling disease must 
therefore, if the farmer has to pay for it, 
bear a direct relation to the losses it can 
prevent or the cures it can effect. When 
the State controls disease, this does not 
necessarily apply, for it is the general tax- 
payer who meets the cost of controlling 
the notifiable diseases, eradicating bovine 
tuberculosis, or preventing disease in 
Accredited flocks. When the farmer has 
to pay direct for control he naturally has 
to consider its cost. What may be reason- 
able for a thoroughbred horse or a valuable 
bull may be uneconomic for a farm horse. 
Whereas the owner of a pet dog may 
willingly pay a couple of guineas to have 
it protected against the risk of contracting 
an infectious disease, a farmer may con- 
sider that a few pence per head for his flock 
of sheep or poultry is too much to spend 
unless the risk of disease is seen to be 


great. 


Tue CHANGING PATTERN OF DISEASE 


The disease pattern is continually 
changing. Control and prevention of 
diseases of young animals increase the 
period of survival of the population and 
alter the disease pattern so that eventually 
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more of the diseases which affect older 
animals occur. Just as people who a 
century ago might have died when young 
from typhoid or smallpox or diphtheria 
now live longer and may eventually 
succumb to heart disease or cancer, so 
calves which no longer die of calf scours 
or young beasts protected from con- 
tagious abortion may later succumb to 
Johne’s disease or metabolic disorders. 
Our concern is particularly with those 
diseases which reduce the productivity 
of animals by preventing survival to 
adult life, reducing the yields of milk, 
meat or wool, or preventing the pro- 
duction of healthy offspring at regular 
intervals. 

The Attested Herds Scheme and the 
establishment of eradication areas is the 
greatest of all our animal health projects. It 
was long overdue and some other countries 
have shown us the way. But I leave it to 
Mr. Ritchie to deal with this disease. 


How FARMERS CAN PREVENT DISEASE 


Preventive medicine is a task for the 
combined efforts of farmer and veterinary 


surgeon, Ministry official and private 
practitioner alike. The prevention of the 
introduction of disease from abroad is the 
sole concern of Ministry veterinarians, 
who also see that animals exported from 
Britain do not take our diseases along with 


them. All notifiable diseases are con- 
trolled by the State but the farmer can 
do much to prevent their introduction to 
his own premises and their spread to 
others. The prompt notification of disease; 
the isolation of newly purchased animals 
to allow time for disease in the incubative 
stage to show ; the careful storage of raw 
swill and its efficient heating to destroy 
disease-producing agents; special care 
with the comings and goings of animals 
and of people when infectious disease is 
rife in an area ; good feeding and regular 
dosing to prevent internal parasites from 
producing harmful effects; care in the 
selection of breeding stock ; separation of 
young animals from older ones and of sick 
from healthy ; regulation of grazing in the 
interests of nutritional efficiency and 
parasite control. These are some of the 
things that farmers can do. To them must 
be added the well tried methods of pro- 
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tective inoculation, such as those for 
abortion, swine fever and several sheep 
diseases, which can be carried out at a 
cost which is low when compared with 
the cost of treating the disease when it 
occurs. Finally there are the simple pre- 
cautions to prevent mineral and plant 
poisoning which is still all too common. 
Measures like these, applied by the farmer 
with the advice and assistance of his 
veterinary surgeon, would greatly reduce 
the losses from disease and bring us 
nearer to the goal which has been set for 
British agriculture. 

Although the cure of disease and the 
alleviation of suffering are very necessary 
tasks, the first duty of medicine is not to 
cure disease, but to prevent it. But 
whereas the successes of curative medicine 
are easily measured, the real triumphs of 
preventive medicine are not, for they are 
the things that do not happen. 


Tue Part PLAYED BY THE STATE IN 
CONTROLLING ANIMAL DISEASES 


by 
J. N. Ritchie 


In Great Britain the control of important 
animal diseases has been exercised over 
many years under legislation which re- 
quires that owners report their suspicion 
of disease to the police. The responsibility 
for this work rests with the Ministry of 
Agriculture and Fisheries and extends to 
England, Wales and Scotland. 

Diseases which have been made noti- 
fiable comprise those which spread rapidly, 
involve serious loss to agriculture or have 
some Public Health significance. The 
primary aim is to eradicate the disease 
completely, and in the meantime to keep 
it under control; and to protect the 
public health where necessary. Before a 
disease can be made notifiable, which 
means that a legal obligation is placed on 
the farmer to report the suspected presence 
of certain symptoms, the Department has 
to be satisfied that the farmer can reason- 
ably be expected to notice the symptoms 
and that the disease is capable of accurate 
diagnosis. Measures must be available for 
preventing spread of the disease, for its 
prevention or cure, and for ensuring that 
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infection no longer exists on an infected 
place from which movement of stock is 
restricted. 

Notifiable diseases include several which 
are no longer present in Great Britain. 
Two important diseases of cattle are 
included: Rinderpest, which is still the 
greatest killing disease of cattle known, 
was eradicated in 1877; and contagious 
bovine pleuro-pneumonia, which was 
eradicated in 1898. Sheep pox has been 
absent since 1850. Glanders, which was 
outstanding as the main disease of horses, 
particularly where many horses were kept, 
at a time when industry and agriculture 
were so dependent on the horse, has not 
been confirmed since 1928. Epizootic 
lymphangitis was introduced in 1902 and 
eradicated in 1906. 

These diseases were eradicated by a 
policy which depended on slaughter of 
the affected animals and their contacts 
and on sanitary measures and control of 
movements. 

In addition, rabies has been successfully 
conquered and has not been present in 
the country since 1922. This disease is 
found all over the world. In many 


countries it is difficult to control, mainly 


because infection may maintain itself in 
wild carnivores from which it reaches 
domestic animals, notably dogs, and may 
spread rapidly over considerable areas. 
Useful vaccines are available and give 
promise of better control where they are 
properly used. 

Two notifiable parasitic diseases may be 
said to have been eradicated. Parasitic 
mange of horses has not been in evidence 
since 1948 and sheep scab has been absent 
from Scotland since 1941, and from 
England and Wales since 1952. These 
diseases have been dealt with by treatment 
or dipping of affected animals and their 
contacts and by careful control of move- 
ments of animals which may have had 
contact with infested stock. Modern 
sheep dips containing gammexane have 
made a great contribution to the eradica- 
tion of sheep scab by destroying the acari 
hatching from eggs. With earlier dips 
it was essential to carry out a second 
treatment after 7 to 14 days in order 
to deal effectively with freshly hatched 

ites. 

The notifiable diseases which are still 


encountered in Great Britain are anthrax, 
foot-and-mouth disease, swine _ fever, 
bovine tuberculosis and fowl pest. Bovine 
tuberculosis is enzootic, while the other 
four appear from time to time, usually 
because infection is brought into the 
country with essential imports and oc- 
casionally by other means. 

Considerable care must be exercised 
in preventing the importation of all these 
diseases and others which have never been 
found in Great Britain. 

The greatest risk lies in importing 
infected stock, and very stringent safe- 
guards are in force to prevent introduc- 
tion of infection by this means. Stock 
from sources which enjoy the same freedom 
from disease as Great Britain (Ireland, 
Channel Isles, Isle of Man, Canada) may 
be imported only at specified landing 
places where they are carefully examined 
and marked for identification purposes, 
They are moved from these ports on the 
authority of a licence which prevents 
their indiscriminate movement through a 
succession of markets and requires that 
they be detained at their destination for 
six days. Pedigree stock from Common- 
wealth countries may also be imported 
under conditions which may require the 
production of certificates of health or 
quarantine according to the disease posi- 
tion in the country of origin. Animals 
from other countries are allowed in only 
under exceptional circumstances which 
clearly show that the stock will make an 
important contribution to general live- 
stock improvement. Sometimes the disease 
risk is so great that it may outweigh any 
benefit which the imports would confer by 
way of livestock improvement. For those 
that are imported meticulous tests, de- 
claration of freedom from disease in a 
locality, and quarantine requirements are 
laid down to prevent introduction of 
infection. No notifiable disease has been 
brought to the country by livestock since 
these precautions were adopted. 

Dogs and cats may be imported from 
any country provided they undergo 
quarantine at approved kennels for a 
period of six months. This has provided 
an adequate safeguard against rabies but 
the disease has been found on 23 occasions 
since 1924 (9 since 1945) in animals 
undergoing quarantine. In 1918 rabies 
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was introduced by a dog landed illegally 
and it was not until 1922 that the out- 
break was finally brought under control. 

The importation of live poultry and 
hatching eggs is prohibited except from 
countries where fowl pest is not present. 

Besides the risks of infection from im- 

rted livestock, considerable importance 
is attached to the danger of infection being 
conveyed by meat and animal products 
and by a variety of goods conveying infec- 
tion mechanically. It is well known that 
meat may contain the viruses of foot-and- 
mouth disease and swine fever. It is not 
possible to obtain all the necessary sup- 
plies from safe sources. Where meat must 
be brought from countries where such 
diseases exist every possible precaution is 
taken by making agreements with the 
governments concerned that only healthy 
stock, slaughtered in certain abattoirs, is 
used for export. In addition, it is required 
that waste material used to feed animals 
shall be boiled for an hour before it is 
brought into contact with stock. Neverthe- 
less, imperfectly treated swill fed to pigs 
is probably the main source of infection 
with foot-and-mouth disease and swine 
fever. Control is also exercised over a 
variety of other imported material such as 
meat wrappings, sera and glandular pro- 
ducts, hay and straw. Anthrax infection 
may be conveyed in imported bones or 
bone meal and also in imported vegetable 
feeding-stuffs. In most cases it is im- 
practicable to have such material steril- 
ised and the livestock population of this 
country cannot at present be maintained 
without imported feeding-stuffs. A cer- 
tain amount of risk must therefore be 
accepted. 


Anthrax 


This is essentially a tropical disease. It 
does not spread to any extent in this 
country, as is indicated by the number of 
animals involved in each outbreak (1-07 
cattle and 1-2 pigs in 1952). Control is 
exercised by careful disposal of the in- 
fected carcase, either by burial or burning, 
and disinfection of the part of the premises 
which may have been contaminated. 
Until this has been done movements of 
stock to and from the farm are prohibited. 
There are one or two areas in the country 
where anthrax is enzootic, notably when 
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pastures are flooded by streams carrying 
tannery effluent. In such areas vaccina- 
tion is practised with advantage. The 
general incidence of anthrax is subject 
to considerable fluctuation ; it was low 
during both wars when imports of feeding- 
stuffs and fertilisers were severely restricted 
but has since risen. Last year there were 
more cases of anthrax than in any previous 
year. A notable feature was the excep- 
tionally high incidence among pigs—this 
is due to infected consignments of imported 
materials, but it has been impossible to 
incriminate any particular ingredient of 
compound foods or any particular con- 
signment. 


Foot-and-Mouth Disease 


Infection is invariably imported from 
abroad. There was at one time con- 
siderable traffic in livestock between 
Europe and Great Britain and infection 
was frequently introduced by these ani- 
mals. This trade came to an end by an 
Order made in 1892. When infection 
reached the Argentine in 1899 the trade 
in livestock with that country was also 
stopped. After traffic in livestock had 
ceased there were heavy imports of freshly 
killed meat from Europe and this trade 
was suppressed by Order in 1926. About 
this time refrigeration was developing 
and it became possible to carry carcases 
over long distances. It was in 1926 that 
the Foot-and-Mouth Disease Research 
Committee established that the virus of 
foot-and-mouth disease could survive in 
frozen carcases for long periods, at least 
up to 2} months, and it became evident 
that serious risks were involved by allow- 
ing susceptible animals access to garbage 
or swill containing waste meat from im- 
ported chilled carcases. Unfortunately 
the importation of these carcases must 
continue so long as Great Britain is not 
self-supporting in meat, and it is now 
obligatory for farmers to ensure that swill 
is boiled for one hour before stock are 
allowed to come in contact with it. In 
spite of this precaution it is estimated that 
some three-quarters of the primary out- 
breaks in Great Britain arise from this 
source. Some progress has been made in 
establishing central boiling plants for the 
processing of swill and no infection has 
arisen from centrally processed swill. It 
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is along these lines that progress must be 
made to answer this particular problem. 
Infection has also occasionally reached 
Great Britain in other materials, and to 
reduce the risks import regulations have 
been brought into force as the need 
arose. 

We have no record of cases arising from 
infection conveyed by the movement of 
persons or vehicles from abroad. Invasion 
of Great Britain by the virus of foot-and- 
mouth disease occurs when there is a heavy 
weight of infection in the Continent of 
Europe. There is good circumstantial 
evidence that birds on migration can and 
do introduce infection from Europe. Two 
members of the staff of the Animal Health 
Division who studied the problem con- 
cluded :— 


‘We have endeavoured to assess 
impartially the various factors having 
a bearing on the theory that birds on 
migration have been responsible for the 
introduction of foot-and-mouth disease 
into Britain. The seasonal incidence 
and location of primary outbreaks in 
the east and south coastal counties of 
this country shows a striking parallel 
to the period of autumn migration of 
birds and their area of landfall. We 
conclude that available evidence is 
adequate to establish a prima facie case 
against birds, and especially starlings on 
migration, as a means whereby foot-and- 
mouth disease is introduced into Britain; 
further that the frequency of its intro- 
duction is dependent on the extent of 
the disease in certain coastal areas of 
the Low Countries and north-east 
France at the season of bird migration.’ 


This is unfortunately a hazard against 
which no adequate precaution can possibly 
be taken. It can only be resolved by better 
control of the disease in Europe. 

Foot-and-mouth disease has always 
been eradicated on every occasion when 
infection has been established in stock in 
Great Britain. This has been effected by 
slaughter of infected and contact animals 
and strict control of movements of stock. 
No movement of stock or material from 
the infected place is allowed and after 
slaughter and burial there is meticulous 
cleaning and disinfection of the premises. 
The infected place is quarantined for six 


weeks from slaughter or four weeks after 
disinfection is completed. When an out. 
break is confirmed an infected area j; 
declared around an outbreak, and move. 
ment of stock out of this area, about 
15 miles radius around the infected place, 
is prohibited ; movement into and within 
the area is controlled by licence and con. 
fined to essential movements. This allows 
for examination of stock close to the out- 
break and prevents further spread of 
infection. On occasion, if serious spread 
is threatened, as by infection having passed 
through a market, movement control is 
imposed over a much wider area so that 
dangerous stock may be examined and 
further multiplication of dangerous con. 
tacts prevented. 

This system of control depends on the 
early reporting of suspected cases. The 
farming community is generally most 
co-operative and it is only rarely that 
disease exists for more than a day or two 
without notification. The fact that no 
vaccinated or recovered animals are 
present in the country allows frank lesions 
of disease to develop which are readily 
suspected by the farmer and recognised as 
foot-and-mouth disease by the veterinary 
surgeon. It is certain that without rigid 
control, the disease would cover the 
country within a very short time of its 
introduction because normal stock move- 
ments take place from one end of the 
country to the other and the major live- 
stock markets distribute their animals over 
wide areas. Every time virus reaches 
the country this potential danger occurs. 
Since the present policy was adopted in 
1892 there have been no outbreaks com- 
parable to those of earlier days such as in 
1871-72 when 52,000 outbreaks occurred 
involving about 3,000,000 animals. From 
1892 to 1922 there were never more than 
95 outbreaks in any one year. In 1922-24 
a serious epizootic occurred and _ there 
were 1,140, 1,929 and 1,440 outbreaks in 
each of these years ; in 1942 there were 
670 outbreaks and in 1952 there were 495. 
The number of outbreaks in the 31 years, 
1922-52, was 8,427, an average of 272 each 
year. 

Under conditions in this country where 
farmers are co-operative and disease 1s 
discovered early, and where an organisa- 
tion exists capable of the extremely quick 
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action required to deal with this rapidly 
spreading disease, there is no doubt that 
the method used is the one of choice if 
the disease is not to become endemic, with 
all the serious effects on livestock which 
that entails. 


Swine Fever 

This is another virus disease which has 
had a varying incidence in this country. 
It has unquestionably been introduced 
from time to time by infected pig meats 
reaching pigs in swill. The system of 
control does not involve slaughter of 
infected animals, but consists mainly in 
quarantine of infected places and control 
of movement of-contacts. When imports 
of dangerous materials were very low the 
disease was practically non-existent, but 
it has again become established in this 
country and in late 1952 and early 1953 
a very serious outbreak was encountered. 
Movements of pigs, particularly in the 
hands of dealers and through markets, are 
the main agent in spreading infection 
and when movement controls are in force 
the disease is fairly rapidly mastered. 
In addition, infection is maintained by 
farmers selling for slaughter animals in the 
incubative stage of the disease, which in 
turn infect swill. 

A useful vaccine is available. It has 
been found extremely difficult to persuade 
farmers to use it while disease is at a 
low level in the country, whereas its 
use becomes much more popular when 
numerous outbreaks are being experi- 
enced. A scheme to encourage its use 
in breeding stock is under discussion at 
present.1 


Fowl Pest (Newcastle Disease and Fowl 
Plague) 

Two isolated outbreaks of Newcastle 
disease occurred in 1926 and 1933. In 
1947 infection was reintroduced with im- 
ported poultry carcases and has not yet 
been completely eradicated. The system 
followed is to slaughter infected and con- 
tact birds. This system has succeeded in 
eliminating the acute form of the disease 
on every occasion when it has appeared 
but a subacute form has been encountered 
which is less amenable to this system of 


' Swine Fever—Registered Vaccinated Herds 
Scheme introduced on December 15, 1953. 
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control. In the first place, it is not so 
readily suspected by the farmer although 
reporting has, on the whole, been good ; 
secondly, it is apparently more easily 
spread than the acute form. It is, howe 
ever, felt that the only method which will 
prevent the establishment of this infection 
is to pursue the slaughter policy vigorously. 
Vaccines have been developed and are 
used in many countries where the disease 
is widespread or where it had been 
allowed to establish itself for many 
months before steps were taken to control 
it. The vaccine is effective up to a point 
but it has the serious drawback that in 
practice its use appears to enhance the 
effects of intercurrent infections and that 
when immunity is waning a natural 
infection will not be apparent but will 
render the bird infective. 


Bovine Tuberculosis 


Since 1925 there has been authority 
under the Tuberculosis Order to slaughter 
cattle affected with certain forms of 
tuberculosis. This is essentially a public 
health measure designed to reduce infec- 
tion in milk. The animals which may be 
dealt with are those giving tuberculous 
milk or affected with tuberculosis of the 
udder, those with a chronic cough and 
showing other clinical evidence of tuber- 
culosis, those suffering from tuberculous 
emaciation, and those excreting or voiding 
tubercle bacilli. A great deal of effort has 
been expended in carrying out the duties 
concerned with this Order. Farmers and 
veterinary surgeons report cases, but 
many are discovered in the course of 
routine clinical examination of dairy 
herds. 

In 1936 the highest number of cases 
were dealt with—23,716. This figure has 
fallen steadily since then, and in 1952 
only 2,831 animals were slaughtered. 

Since 1950 valuable incentives have 
been given to farmers to encourage 
eradication of the disease, for 2d. per gallon 
of milk or £2 per head of stock is paid as a 
bonus for each of the first four years after 
disease has been eliminated from a herd 
and half that amount for a further two 
years. This is a direct outcome of the 
scheme which was introduced in 1935 in 
an effort to eradicate bovine tuberculosis— 
the Tuberculosis (Attested Herds) Scheme. 
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Under this Scheme herds free of tuber- 
culosis are established by the turbeculin 
test and a sizable number have been 
gradually built up until over 100,000 such 
herds existed at the end of March 1953. 
These comprise some 3,855,738 cattle and 
represent 41-4 per cent. of the total stock. 

This is very satisfactory, for the incidence 
of the disease was at one time high. It 
was estimated in 1931 that some 40 per 
cent. of cows would react to tuberculin, 
which probably represented an overall 
incidence of at least 20 per cent. reactors. 

Since 1950 an Area Eradication Plan 
has been in operation. Under this plan 
an area is selected and a further incentive 
to eradication on a voluntary basis is 
given by providing free tuberculin testing 
for all herds in the area. Free testing is 
available for a stated period, usually about 
two years. The herds which are cleaned 
under voluntary co-operation may become 
attested and thereby qualify for the avail- 
able bonuses. At this stage the area 
becomes an Eradication Area and com- 
pulsory testing is carried out, reactors are 
slaughtered, and when all the herds reach 
the required standard of freedom the area 
becomes an Attested Area. 

There are already four Attested Areas 
which contain over 700,000 cattle—Shet- 
land, several counties in S.W. Scotland 
and S.W. Wales, and the Scilly Isles. 
Free-testing is proceeding in other areas 
in England, Scotland and Wales con- 
taining some 1,000,000 cattle. Part of 
these areas containing over 425,000 cattle 
will be declared Eradication Areas in 
January 1954 and the remainder a year 
later. 

The intention is gradually to eliminate 
infection entirely and there is already 
evidence that other districts are almost 
ready to become free-testing areas. As 
eradication proceeds so many tuberculosis- 
free animals become available as replace- 
ment cattle that eradication is much more 
rapid because the herd owner whose herd 
is heavily infected can replace his reacting 
stock very rapidly by purchase of tubercle- 
free animals and many owners have 
replaced their whole herd with success. 


Contagious Abortion 


This disease has caused serious losses, 
particularly in dairy herds, over many 
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years. Attempts have been made ty 
establish herds free of infection as judged 
by the blood agglutination test. In some 
countries this system is the foundation of 
the scheme of control. In Great Britain 
this method has not found favour because 
it was found extremely difficult to main. 
tain freedom from infection on account of 
the high incidence of the disease and the 
many possible means of introducing infec. 
tion into a clean herd. When infection is 
introduced to such a herd the incidence of 
abortion is usually extremely high. The 
method recommended in this country is 
the use of S. 19 vaccine. This vaccine is 
capable of protecting the individual animal 
against infection for a comparatively long 
period and of preventing any serious 
spread of infection in a vaccinated herd 
into which fresh infection is introduced, 
In order to encourage vaccination and to 
make it available at a reasonable fee in all 
classes of herds a scheme has been in 
force since 1944—the Calf Vaccination 
Scheme. Under this scheme young 
females from the age of four months to the 
time of first service may be vaccinated ata 
cost of 2s. per animal. This has succeeded 
in establishing a considerable degree of 
resistance to infection in a large number 
of herds and is sufficient to maintain 
freedom from abortions which arise from 
this infection in a herd which is well 
managed and where no serious risks are 
taken. If the farmer wishes to increase the 
resistance of his herd he may arrange 
privately with his veterinary surgeon to 
have adult stock vaccinated and to re 
vaccinate those animals vaccinated as 
calves, probably after their first or second 
calf. This procedure is of special benefit 
in herds where purchases are made or 
where other precautions cannot be pro- 
perly carried out. 

Vaccination has brought contagious 
abortion largely under control. There are, 
however, other causes of abortion, notably 
infection with Trichomonas foetus and Vibrio 
foetus. Trichomoniasis is not difficult to 
control by treatment of infected females 
and breeding rest for a period. The in- 
fected bull must be discarded. It is of 
interest that in an area of small farms 
where a communal bull was used, the adop- 
tion of artificial insemination brought a 
serious outbreak of this disease under 
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complete control. Artificial insemination 
js also the best weapon in controlling V. 
foetus infection, which is a venereal disease. 
It is obvious that while artificial insemi- 
nation may be of value if healthy bulls 
are used, it is equally a potent way of 
spreading infection unless the bulls are 
healthy. An important duty of the Animal 
Health Division in recent years has been the 
examination of bulls which are used in 
Artificial Insemination Centres. 

Another scheme in which the veterinary 
staff play an important part is in dealing 
with the disease aspect of the poultry stock 
improvement plan. Routine blood tests 
for pullorum disease are carried out, post- 
mortem examinations of birds from ac- 
credited flocks are made and general 
supervision of the disease in these flocks is 
exercised. 

Laboratory facilities are available at two 
main centres, Weybridge and Lasswade. 
At Weybridge diagnoses of notifiable 
diseases other than foot-and-mouth are 
made. Confirmation of foot-and-mouth 


disease and typing of the virus involved 
is done at the Virus Research Institute, 
Pirbright. In addition to the main labora- 


tories each division (virtually each county) 
has a small laboratory where microscopical 
examinations of various materials may be 
made by the field staff. Veterinary inves- 
tigation officers have more _ extensive 
facilities and they assist, as do the central 
laboratories, with diagnosis of disease con- 
ditions other than the notifiable diseases 
and by carrying out biological tests for 
tuberculosis, etc. The laboratories play 
a large part in carrying out research work, 
not only on a long term basis, but on 
current problems which may arise from 
the field and may come through V.I.O.s 
who are in close touch with veterinary 
surgeons in their areas. The V.I.O. is 
responsible for investigation of local 
problems and may be asked by the 
central laboratory to carry out field 
experiments to assist with its problems. 

In recent years the laboratories have 
played a large part in carrying out im- 
portant research work having a close effect 
on the work done in the field in such 
matters as the efficiency of tuberculin (all 
the tuberculin used under the Attested 
Herds Scheme is produced at the Ministry’s 
Laboratory at Weybridge) and S. 19 
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vaccine ; the diagnosis of swine fever ; 
the source of anthrax infection ; studies 
in V. foetus infection and infertility ; and 
the study of Newcastle disease and the 
efficiency of a vaccine against it. In addi- 
tion, they have been concerned with 
researches on mastitis which have greatly 
contributed to the control of that disease, 
although not incorporated in any official 
scheme. 

A great volume of research work is also 
done at other research institutes which are 
State-aided and their contributions have 
provided means of controlling many 
animal diseases which have not been 
mentioned in this paper. 


THE INFLUENCE OF PARASITIC DISEASE ON 
Our ANIMAL PRODUCTION 


by 
Dr. E. L. Taylor 


Ir may sound like an excerpt from 
political propaganda to state that half of 
the living creation is parasitic on the other 
half, nevertheless it is a biological truth. 
It may be still more surprising to some to 
learn of the biological view that even the 
species of parasites are more numerous 
than the species of animal creatures on 
which they live. The parasitic mites, the 
ticks, the lice, the fleas, the microscopic 
creatures called protozoa and the worms 
are a varied and a horrifying or interesting 
crowd, depending upon one’s point of 
view. In Great Britain the group most 
troublesome to our farm livestock are the 
worms ; among these the worst of all 
are the parasitic nematodes, and most of 
my examples will be taken from this 
group. 

These round worms are very common 
parasites of the animals of the world. 
Their species are very numerous and in 
some countries they are still extremely 
prevalent among the human population. 
An American parasitologist, Stoll, who 
had a taste for figures and who worked 
for two years in China, calculated that thé 
weight of the eggs of the common round- 
worm of man, Ascaris lumbricoides, voided by 
infected human beings in that densely 
populated country amounts to some 
18,000 tons per annum ! 
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Such a figure conveys some impression 
of the prevalence of these creatures before 
the introduction of strict hygiene. That 
our human population is now practically 
free from Ascaris lumbricoides is to be attri- 
buted not to any wonderful development 
of parasiticidal drugs nor to measures of 
control based on an understanding of 
complicated life histories, but merely to 
the strict adherence to a more or less 
perfect system of waterborne sanitation 
and sewage disposal. 

Where our grazing animals, whose food 
is eaten off the very same ground on which 
they defaecate, are concerned, the com- 
plete avoidance of faecal contamination 
is quite out of the question and it becomes 
necessary to make a careful study of the 
relationships between the parasites and 
their hosts in order to discover anything 
that may help us to bring them under 
control, and also to gauge how much 
effort it will pay us to put into this 
endeavour. In other words, it is necessary 
to understand the influence of parasitic 
diseases on our animal production. 

To do this it is necessary to know some- 
thing of the background and so my con- 
tribution takes the form of a story which 
begins at the time of Adam and Eve and 
is projected into that happy future where 
world population is balanced by food out- 
put, and even if we are not at all happy, 
we have as much meat as we want. 


Tue Primitive PERIOD 


Some little time ago, in endeavouring 
to express a conception of the primitive 
adaptation of parasites to their hosts I 
drew a picture of a Garden of Eden, in 
which all] creatures lived happily together. 
The nitrifying organism, helped the plants 
to grow ; the bees helped the flowers with 
their fertilisation and were so happy in 
fact that they did not mind a parasite or 
two. And for their part the parasites were 
kind and their adjustments to their hosts 
so nicely arranged that little hindrance 
arose and even the sheep and their para- 
sitic worms were all happy together in a 
community that had the guiding principle 
of ‘live and let live.’ 

This is doubtless a little exaggerated, 
but my caricature is not so overdrawn as 
might at first appear and before we can 
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understand the present position of para- 
sitic diseases among our domestic animals 
it is necessary to realise that disease pro- 
duction is contrary to successful parasit- 
ism. For a parasite to injure its host 
may be regarded as an immoral act from 
the parasite’s point of view, as any trend 
towards the extinction of the host com- 
munity is also a threat to that of the 
parasite. 

To keep our illustration of happy worms 
in happy sheep we must suppose that the 
primitive conditions provided plenty of 
room so that the sheep fouled the pristine 
pastures only to a small degree and the 
larval nematodes which they acquired 
were insufficient to cause any dysfunction 
in their internal mechanism and disturb 
the even tenor of the blissful days. Nor 
would the need for space requirements be 
very great, since the infected host reacts 
very strongly to the presence of the para- 
site and is able to do a very great deal 
in preventing the growth of too great a 
population. The adjustment mechanisms 
are extremely complex and as yet are but 
little understood, but they were in those 
primitive days and they still are adequate 
to enable the sheep to maintain its worm 
population at a level that is compatible 
with a state of health, providing it is given 
the opportunity of doing so. 


TRIAL AND Error PERIOD 


That is the primitive background. We 
may now proceed to the origin of disease, 
and keeping to our story we may suppose 
that man, with his partial knowledge of 
good and of evil, who was first a hunter 
and then a farmer, began to domesticate 
the animals and enrich the ground, to 
construct fences and, incidentally, to force 
the animals to eat the infested herbage. 
The worm population then went up with 
a jump and troubles began. This is the 
middle age of our history, an age of lack 
of understanding and of adaptation by 
trial and error. 

Much could be recorded in this interest- 
ing chapter if time would allow. As with 
the more primitive part of the story 
recounted in the last chapter, much of the 
exact detail is buried in antiquity, so that 
we can only see some of the indications 
of the many trials and the many errors 
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that have resulted in our present-day 
grazing practices. Many of these, it is 
quite clear, have come about as an adjust- 
ment to parasitism and did not require 
any understanding on the part of the 
farmer. Still keeping to our illustration 
of worms in sheep, I might remind you 
that these, for the most part, are so small 
that only an expert who knows exactly 
what he is looking for can find them. The 
traditional farmer has, therefore, remained 
ignorant of ‘their presence and during 
this period of trial and error has only 
observed that lambs thrive under certain 
grazing practices but fail to thrive under 
others. Quite a collection of shepherd’s 
lore was accumulated in this way, often 
as a result of bitter experience, and 
enabled the farmer to steer a course of 
uncertain success without having any 
understanding at all. Some of this tradi- 
tion is so ingrained in our make-up that 
we find it difficult to define our ideas— 
such for instance as is inherent in the 
conception of overcrowding. 


Tue AGE oF REASON 


Although the age of reason is supposed 
to have begun some time ago, its permea- 
tion into many of the affairs of man has 
been lamentably slow. One of these 
regions of retarded development has been 
in man’s understanding of parasites. The 
process of research has only just begun 
and perhaps it is not surprising that we 
find the matter of parasitic disease much 
more complicated than we had thought. 
The work of classification and of the 
delineation of life-histories has progressed 
well and has enabled us to apply the direc- 
tion of reason to the traditions of our 
fathers. Within the last few years, the 
research machine has really begun to 
develop. The age of realisation has 
begun. The research business is however 
an expensive one and we require to know 
something of expected returns in the 
amount of food that we shall have to eat. 
How much will it help us towards our 
increase of 60 per cent. by 1954 or 100 per 
cent. by 1964? What is the influence of 
Parasitic disease on our animal production? 

Before we can properly consider this 
point, there are certain hindrances of a 
psychological nature that must be met, 
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and here I refer to the marked tendency 
for an emotional response to blind our 
judgment. It is necessary to make an 
approach in pure intelligence and to be 
critical and suspicious of any strong im- 
pression of dire and terrible loss that goes 
with tales of sudden death, or of the 
shootings and burnings that accompany 
outbreaks of certain epidemic disease. 
Foot-and-mouth disease hits the headlines 
of the newspapers and although it is of far . 
less importance in this country from an 
economic point of view than are several 
of the parasitic diseases with which I am 
dealing, I have no doubt that a con- 
sensus of opinion among the audience of 
the most costly animal disease in Great 
Britain would show an overwhelming 
majority in favour of foot-and-mouth 
disease. 

These dramatic incidents are by no 
means unknown in connection with para- 
sitic diseases and a search through the 
literature reveals numerous records of 
sudden outbreaks of severe disease as, 
for example, in connection with the liver 
fluke which from time to time has caused 
very extensive loss. During the years 1879 
to 1881 some three-and-a-half million 
sheep were lost in Great Britain. In 1950 
there was a similarly acute but much less 
extensive epidemic in a part of Cornwall, 
in which some farmers lost 100 per cent. 
of their sheep. As recently as 1951 there 
was a striking outbreak of lungworm 
disease among cattle in the southern 
counties, in which there were numerous 
deaths, and many outbreaks in which 


‘between 50 per cent. and 100 per cent. of 


the milking cows were suddenly affected. 

These and many other outbreaks of a 
sporadic nature are occurrences of obvious 
clinical disease such as immediately attract 
attention and are readily diagnosed by the 
veterinary practitioner, and often by the 
farmer himself. On that account the 
loss which they occasion is clearly felt, 
because it is unusual ; the tendency, 
however, is to regard these obvious occur- 
rences as the only loss and to overlook 
what is taking place the whole time. That 
we tend to overlook what is there all the 
time is generally acknowledged, but we 
should realise that the recognition of loss 
from parasitic worms may be even more 
difficult than this, for it is impossible to 
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observe what loss is occasioned unless 
a comparison between worm-free and 
normal sheep can be arranged. 

We have seen in the last chapter what 
the position was during the period of trial 
and error, the effects of parasites in pro- 
ducing obvious disease, and their influence 
on normal grazing practices. On that 
account alone we might suppose that.their 
detrimental effect has been very great. 
It would seem however, as a result of 
recent observations made under controlled 
conditions, that their effect is even greater 
than we had thought. 

There have recently been one or two 
revelations of a hidden loss where none 
had been suspected ; there was the one 
concerning yellow leaf stripe in oats, a 
disease which had been thought harmless 
until a chance trial of a new seed dressing 
led to the observation that many young oat 
plants were killed before reaching the 
surface of the ground. The hidden loss 
there had been very considerable. A more 
recent and even more interesting example 
concerned the feeding of penicillin to pigs 
and poultry which revealed that in certain 
environments some factor, presumably 
a bacterial organism, was depressing the 
rate of growth of what had been thought 
normal, healthy young creatures. Return- 
ing again to our example of parasitic 
gastro-enteritis in sheep, we now find the 
same kind of thing in operation. The 
normal is not the optimal. A colleague 
of mine at Weybridge, Mr. Gibson, has 
recently been carrying out a series of 
observations on twin lambs kept in two 
groups under identical conditions with 
the sole exception that one of each pair 
of twins was artificially infected with what 
was regarded as a moderate number of 
parasitic worms of a certain species and 
the other one left uninfected. Weights 
were taken at regular intervals and it was 
found that, although the infected lambs 
appeared to be normal healthy animals, 
to grow at the normal rate, and to be as 
fit and as happy as lambs should be, yet 
at the end of the summer their average 
weight was thirty pounds per head lighter 
than that of their twin brothers which 
were not infected with the worms. Further- 
more this lost weight was never made up 
in spite of the worm infestation having 
been eradicated by the use of anthel- 


mintic drugs, so that 30 pounds of meat 
per head had been lost for good. 

It is always satisfactory to find con- 
firmatory evidence for important obser. 
vations and in this instance it was soon 
forthcoming from Dr. Spedding at the 
Grassland Research Station at Drayton, 
where work had been carried out to observe 
the possible effect of varying worm burdens 
on the rate of growth of lambs that were 
being used as a means of assessing the 
relative feeding merits of different swards, 
The results of these two independent series 
of observations so closely correspond that 
we now feel satisfied that a very ordinary 
infestation of stomach worms is sufficient 
to cause the loss of some 20 or 30 pounds 
of mutton per head. We have already 
seen that these worms occur wherever 
sheep are kept—it is indeed a wormy 
world as far as grazing animals are con- 
cerned and it seems there can be no doubt 
that the normal growth of our lambs is 
sub-optimal, and that through worm 
disease we lost some thousands of tons of 
mutton each year. If we liked to puta 
figure to it we might suppose a loss of, say, 
only 10 lbs. per head ; then among the 
four-and-a-half million lambs slaughtered 
in the course of twelve months the loss of 
meat would amount to more than 18,000 
tons, for as has also been shown by Dr. 
Spedding, the proportion of offal to meat 
is greater in the wormy carcases. 

We must conclude that the influence of 
parasitic disease upon our animal produc- 
tion at the present time is very markedly 
detrimental. 


Tue Future AGE oF ERADICATION 


During the period covered in the pre- 
ceding chapter, in which I have dealt with 
the application of reason, there have been 
several remarkable developments in the 
use of new chemical substances for the 
destruction of parasites of many kinds— 
bacteria, protozoa, arthropods and worms. 
If we keep to our example of parasitic 
gastro-enteritis in sheep we have the 
example of phenothiazine, although in 
some ways it may be less remarkable than 
some of the antibiotic drugs in other fields. 
The point I wish to make, however, 18 
that whereas with very few exceptions, 
eradication has seemed out of the question 
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and nowhere within sight, it now begins 
to appear on the horizon as at least a 
future possibility. We have recently seen 
the amazing eradication of malaria- 
carrying mosquitoes from Cyprus and 
from Sardinia. We are now daring to 
think that sheep scab has been eradicated 
from our country and there can be no 
doubt that as a result of the introduction 
of this same insecticide, benzene hexa- 
chloride, the sheep keds and sheep lice 
could be eradicated in the same way. 

It would also seem at least a possibility, 
although not yet generally practicable, 
to eradicate some of the worm parasites. 
The late W. E. Swales demonstrated the 
practicability of using phenothiazine to 
eradicate the very harmful nodular worm 
from flocks of sheep in some regions of 
Canada where it had been a major cause 
of loss. In the colder parts of that country 
the spring pastures were found to be freed 
from the infective larvae of this worm, so 
that by treating the housed sheep before 
allowing them on to the pastures, the 
parasite was wiped out. This same para- 
siticidal drug is equally effective against 
the twisted wire worm of sheep, but the 
pastures are not so easily freed from 
the infective larvae, which would make 
the eradication seem impracticable for the 
present ; nevertheless it can be envisaged 
as a possibility. 

Some work that is being carried out by 
Dr. Spedding at the Grassland Research 
Station suggests that under the conditions 
of sheep farming on arable ground, it 
may be possible through the use of pheno- 
thiazine, together with a folding system, 
to free a flock from worms altogether and 
to keep it free. Even if this attempt 
succeeds under close scientific supervision 
it may be some time before it can be 
regarded as a practical procedure for the 
sheep farmer. Nevertheless it is a new 
beginning and there seems every reason 
to believe that the future will provide us 
with more and better parasiticides so that 
we may be able to eradicate one parasite 
after another and step up our animal 
production to a degree that is beyond our 
present expectations. 

We may conclude that the effect of 
Parasitic disease on animal production has 
Increased since primitive times; that 


during a period of trial-and-error adapta- 
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tion they caused very great loss and in no 
small measure governed the development 
of grazing practices ; that the last thirty 
years of investigation have revealed some 
understanding of control and increased 
our appreciation of loss; that the past 
decade has intensified this to a marked 
degree, so that we now see it to be very 
great. The measure of control increases, 
however, and eradication of many para- 
sites is now seen for the first time as a 
possibility for the future. We may there- 
fore look forward to a very considerable 
advance in our production of meat and 
milk as the numerous parasitic diseases of 
our farm stock are brought under an 
increasing measure of control on the road 
to ultimate eradication. 


HusBANDRY AND ITS INFLUENCE ON THE 
INCIDENCE OF DISEASE IN ANIMALS 


by 
j. O. L. King 


In agriculture to-day the cry is for greater 
production, and to meet this demand live- 
stock are required to mature more rapidly 
and to yield more abundantly. Because 
their productive powers have been greatly 
increased, the animals kept on our farms 
at the present time differ from their wild 
ancestors. Wild cows produce enough 
milk to rear one calf; to-day many cows 
give ten times and some even twenty 
times this quantity in a lactation. Pigs 
whose wild forebears grew slowly and 
reared one litter a year are now required 
to fatten rapidly and rear twice the 
natural number of litters. A hen in the 
wild lays about forty eggs a year and 
broods them and rears the chicks her- 
self; her domesticated descendants are 
expected to produce five times as many 
eggs, and broodiness has become a crime. 

This increased production has been 
achieved by an acceleration of the rate at 
which the excretory, digestive, and circu- 
latory organs function, which means that 
a higher standard of nutrition is required, 
and that domestic animals have a lowered 
resistance to, and must be protected from, 
inclement weather. For this reason they 
have to live a controlled existence, and 
can only consume the foods supplied to 
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them. Wild cows could eat the grasses 
they favoured, could shelter at will, and 
were suckled at intervals by their calves ; 
their descendants are tied in cow sheds 
with concrete floors, are required to eat 
large quantities of concentrated foods, 
and are milked by machine at regular 
times. Wild pigs root about in the earth 
and wallow in the mud and sleep in dry, 
warm, draught-proof dens which they 
burrow out for themselves in bushes or 
undergrowth, and which they always 
leave to void their dung and urine. To- 
day domesticated pigs are confined in 
piggeries, are often compelled to excrete 
close to their sleeping quarters, and are 
given no opportunities for rooting or 
wallowing. Hens used to run about freely, 
pecking at insects and dusting themselves, 
but may now be confined in deep-litter 
houses, or in battery cages with no oppor- 
tunities for amusement, and may have 
to live on pelleted foods which give no 
variety from day to day. It is not possible 
to allow domesticated animals to return 
to their ancestral way of life, for many 
species would not survive and those that 
did would certainly not produce as 
required. They must be kept under those 
conditions which yield the most economic 
return, but they must be offered a way of 
life which they can travel safely. 

The relationship between husbandry and 
disease is, in many cases, obvious. Under- 
feeding, or feeding improperly balanced 
rations, even if one of the specific mineral 
or vitamin deficiencies does not result, 
can make animals more susceptible to 
infectious or parasitic diseases. The genetic 
make-up of the animals can regulate the 
incidence of disease, for though some 
strains produce animals which will live 
and remain healthy under good, moderate, 
or even bad conditions, others produce 
individuals which will not live even under 
good conditions. Certain strains of pigs 
produce a number of piglets which are 
hermaphrodite or have a hernia or an im- 
perforate anus, and a relatively high 
percentage of poultry in some flocks 
develop fowl paralysis or leucaemia or 
evert the cloaca when laying. 

Environmental conditions can influence 
the incidence of disease, but because they 
are often associated with dietetic errors, 
and in many cases are secondary to them, 
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there is a danger that their importance is 
not sufficiently realised. Few detailed 
surveys have been made showing the 
effect of husbandry on disease incidence, 
but Withers (1953) found that faulty 
methods of husbandry were largely re- 
sponsible for the high mortality in calves, 
He found that climate was the chief 
extrinsic factor influencing calf mortality, 
and was probably responsible for the 
pronounced seasonal increases in the death 
rate of calves in the early spring months, 
which was more marked in Scotland than 
in England and Wales. The adverse 
effects of extreme cold, wide temperature 
ranges, and absence of sunshine combine 
to render the early months of the year 
very unfavourable for the survival of the 
young animal. Withers also found that 
the occurrence of unseasonable weather 
at other times of the year was likely to be 
responsible for sporadic rises in the death 
rate. 

Although our winters may not be very 
severe when compared with those encoun- 
tered in other parts of the world, they are 
long and provide the greatest environ- 
mental problem, particularly in_ the 
northern parts of the country. It is well 
known in veterinary practice that the 
incidence of disease in stock at the end 
of the winter period is greater than at any 
other season. Phillips (1946), by examining 
the records of a knackery in West Wales 
over a four-year period, found that the in- 
take of cows rose to a far higher level in the 
spring months, in particular during April, 
than at any other time of the year. The 
average monthly figures show that during 
the major portion of the year the intake 
was approximately one a day, but that 
there was a rise to 54 in March and 63 in 
April, falling to 45 in May. 

The breeding policies which have im- 
proved the productive capabilities of 
certain breeds have reduced their hardi- 
ness. Galloway and West Highland cattle 
are required to live on exposed hills, and 
the stamina which enables them to do 
this is linked with slow maturity. Aber- 
deen Angus cattle are noted for their 
early maturity, but must be housed and 
well fed if advantage is to be taken of this 
breed characteristic. Ewes of the mountain 
breeds kept on the hills have to survive 
a period from about September to March 
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during which they will be exposed to bad 
weather conditions and will suffer from 
a shortage of nutritious food. This period 
coincides with service and pregnancy, and 
the fact that they can rear about 85 lambs 
per 100 ewes, and live on the hills for four 
or more breeding seasons emphasises 
their stamina. The larger, more rapidly 
maturing down breeds with their softer, 
but higher quality, fleeces would not 
survive a winter under such conditions, 
but are far more productive on more 
sheltered farms. 

It is also important that stock should be 
given time to become acclimatised to 
colder and more rigorous conditions than 
those to which they are accustomed. 
Many farmers prefer to ‘go north’ for 
stock replacements, and those buying 
stock from more sheltered farms than their 
own during the winter months realise that 
their purchases may require extra atten- 
tion. Hill sheep farmers are having diffi- 
culties with rams which have been forced 
for sale. As lambs they are housed and 
heavily fed and get little exercise, but after 
purchase in the autumn they are turned 
out on bleak hills to serve the ewes, and 
are required to find their own food. They 
then lose condition and their lamb- 
getting powers are reduced, even if they 
do not die from exposure. Some poultry 
farmers with exposed farms find that stock 
cockerels bought in are unsatisfactory 
stock getters and rapidly lose condition 
when mated up, but that birds reared on 
the farm from eggs of the same strain 
prove successful. 

The aim must be to create, under each 
system of farming, an environment which 
is as favourable as possible to the indi- 
vidual and which will allow it to produce 
the maximum amount of meat, milk, or 
eggs. At the same time the system should 
be unfavourable to the development and 
spread of disease. It is particularly im- 
portant that this ideal should be achieved 
for young animals, for an animal which 
has been subjected to faulty feeding and 
management, or has suffered from disease 
in its youth, never thrives in the same way 
as one which has been healthy from the 
Start. 

In some areas young dairy breed heifers 
are kept unhoused all the year round, and 
for economic reasons they may have to be 
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confined in exposed fields. During winter 
they may develop and appear to thrive, 
but there is always a danger that they will 
fail either to come into oestrus or to 
conceive when mated. When conditions 
improve in the spring the majority hold to 
service normally, but do not then calve 
in the autumn as required to produce 
winter milk. 

Pigs will not tolerate damp and cold 
conditions, and rheumatic lamenesses and 
outbreaks of pneumonia are fostered by 
such surroundings. Many farmers keeping 
pigs in these circumstances have had 
severe losses. Even if symptoms do not 
proceed to these lengths, coughing and 
savaging and tail biting are quite likely 
to result, causing a reduction in the growth 
rate. During severe frosts the combs of 
undubbed stock cockerels, particularly 
Leghorns, may become frostbitten and 
this leads to infertility. Young fowls 
turned out from hovers in the cold weather 
in early spring will huddle together and 
indulge in cannibalism, pecking one 
another’s tails and wings, and sometimes 
causing extensive injury and death. 

To avoid these evils which result from 
exposure to winter conditions, animals 
have to be housed, but too little is known 
about the effects of housing on health. 
The influence of air temperature and the 
effects of humidity on bodily comfort and 
health are not fully understood and a great 
deal of uncertainty surrounds the general 
problem of ventilation and, in particular, 
the optimal air space allowances. In 
general the buildings provided to house 
cattle need not be elaborate, but they must 
be dry and well ventilated but free from 
draughts, and they should be capable of 
being thoroughly cleansed and disinfected. 
Some buildings are unnecessarily palatial 
—you may have heard of the nobleman 
who erected a magnificent set of farm 
buildings and who used to take his guests 
on a tour of inspection, and at the end of 
their visit would say, ‘ You must be tired 
after your walk; will you have a nice 
glass of milk or a glass of champagne? It 
makes no difference to me which you 
choose as they both cost me the same.’ 

It would appear that dairy cattle, even 
high-yielding cows, can be kept outdoors 
during winter to a far greater extent than 
is usually considered desirable, the limiting 
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factor generally being damage to fields by 
poaching rather than any harmful effect 
on the cattle. The poor bodily condition 
met in cattle at the end of the winter 
period is probably mainly due to the 
cumulative effects of a low plane of feeding 
for five or six months, but it is certainly 
aggravated by lack of exercise caused by 
the need for housing. The obscure diges- 
tive disturbances met in cattle which are 
tied up during winter may be as much 
a result of insufficient exercise as of 
faulty feeding. It is certainly true that 
bullocks tied in stalls for fattening develop 
digestive troubles more often than those 
fattened loose in yards. When cattle are 
released from a shippon after a long period 
of close confinement their gait is stiff and 
has lost the easy motion associated with 
normal health. If these animals are heavily 
pregnant, the accompanying lack of tone 
of the uterine wall and other muscles may 
well lead to difficult parturitions. Many 
farmers who keep their cows in covered 
or semi-covered yards during winter claim 
as a definite advantage of their system 
that the incidence of disease is low because 
the cows are kept healthy by continually 


breathing fresh air and having constant 
exercise. They claim that they have few 
barren cows, that the cows calve easily 
and that digestive and pulmonary dis- 


turbances are rare. Similarly, farmers 
who have experienced difficulty in rearing 
calves in calf-houses have had fewer losses 
when they have kept their calves from 
birth in open-fronted sheds. 

In designing animal buildings attention 
should be paid to the provision of an 
efficient system of ventilation, which 
means the uninterrupted exchange of 
fresh for foul air. It is possible to use 
mechanical ventilating plants, but in 
mst animal houses natural methods are 
efaployed, based on two natural pheno- 
“—_. Firstly the air expired from an 
akimal’s body has a higher temperature 
than that inspired and so tends to rise. 
Toa lesser extent the air round an animal’s 
body becomes warmed and it also expands 
and rises. If provision is made, these warm 
gases will pass out and fresh air will enter 
to take their place. Secondly, even on a 
very calm day the air is not still and this 
movement drives air into a building 
through a suitable opening and dilutes 


and mixes with the air in the building and 
forces it out through openings on the other 
side. So a system of natural ventilation 
is composed of two parts—making pro- 
vision for the escape of foul air through an 
outlet, and for the entrance of fresh air 
through an inlet. 

If animals are kept confined in buildings 
to which fresh air is not admitted the air 
in the building tends to resemble expired 
air in composition, which means that the 
oxygen content is reduced and the carbon 
dioxide content and the humidity are 
increased. The oxygen decrease is of 
no practical significance. Although no 
symptoms occur due to the carbon dioxide 
increase it is possible that the raised con- 
centrations will affect animals continually 
living in such an atmosphere. The exces- 
sive humidity prevents free respiratory loss 
of water. In addition, if in cold weather 
the inside surfaces of the walls are much 
cooler than the air of the building, water 
will condense on them. If the building has 
cavity walls the temperature of the inside 
of the walls will be far above that of the 
outer air, so that ventilation can be con- 
siderably restricted before condensation 
takes place, and the building will be warm, 
but not damp. But if poorly constructed 
houses are not freely ventilated in cold 
weather the condensed water dripping 
from the roofs and walls means sodden 
bedding and a wet environment. A con- 
siderable amount of dust is found in the 
air of animal quarters and this accumvu- 
lates if it cannot pass out of the building. 
It consists mainly of particles of food, 
dried faeces, and cuticular debris, but 
micro-organisms are also present. Some 
of these may be pathogenic, and if a cow 
with tuberculosis of the lungs is housed 
in such a building the air soon becomes 
laden with tubercle bacilli which circulate 
to the other cows. 

Animals kept continually in a warm, 
impure atmosphere feel the cold more 
when turned out, and may have a lowered 
vitality and a lessened resistance to disease. 
Respiratory diseases may be brought on 
if an animal is suddenly transferred from 
warm to cold surroundings, such as when 
a cow going dry during the winter period 
is turned out of an overheated shippon into 
an open yard, or is exposed for sale in a 
draughty market. The conditions under 
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which young calves are marketed in 
certain areas leaves much to be desired, 
for they are brought down from the warm 
calf houses on the farms where they are 
born and exposed in damp draughty pens. 
Js it any wonder that they often develop 
scours or pneumonia? In those cattle- 
rearing areas where the collective market- 
ing of calves is necessary they should be 
housed during sale. 

But in spite of these adverse effects of 
bad ventilation it is surprising what low 
standards can be tolerated by cattle with- 
out apparent harm being caused. How- 
ever, it must be realised that these condi- 
tions are generally met on small farms 
where old buildings are still in use ; since 
few animals are kept, they receive indi- 
vidual attention, and are usually turned 
out in the fresh air for exercise whenever 
the weather is suitable, and this appears 
to compensate for the disadvantage of bad 
housing. 

It appears that with pigs the position is 
different. They thrive best, and remain 
freest from disease, if they are kept at a 
constant temperature, usually about 70° F. 
which should be achieved without greatly 
increasing the humidity of the atmosphere. 
Young piglets do better if even higher 
temperatures—about 80°F.—are available 
where they sleep, and this is generally 
achieved in indoor piggeries in cold 
weather by the use of artificial heat over 
the creep. This has the added advantage 
that the young pigs are encouraged to lie 
away from the sow, which reduces the 
risk of crushing. In the outdoor systems 
the creep may be covered with hay on the 
principle of a hay-box to retain the heat 
coming from the piglets’ bodies. 

For fattening pigs the system of housing 
generally known as the Belfast System, 
described by Shanks (1942) has proved 
satisfactory. The piggery is a long, low 
building consisting of a series of well 
insulated houses providing the sleeping 
quarters, so that the heat from the pigs’ 
bodies is conserved. Yards are provided 
for each pen so that all excreta and urine 
are voided in them, and the drinking bowls 
are placed outside so as to prevent the 
humidity inside from rising. The pigs are 
fed inside on dry food only. In order to 
allow the pigs free access to the yards 
without excessive draughts, swing doors 
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are provided and a concrete baffle wall 
is built inside the house opposite the door. 
Maximum and minimum thermometer 
readings recorded in one of these houses 
for a year showed that there were no 
sudden changes of temperature and the 
greatest day or night variation was 

In Danish piggeries with the dunging 
passage under the same roof as the sleeping 
quarters and the natural system of venti- 
lation, the provision of cavity walls, low 
lined roofs and double windows helps 
to maintain an even temperature, but, 
unless the ventilation is controlled by 
adjustable inlets, such as hopper type 
windows, and ventilating bricks and 
effective extraction cowls, warmth is 
achieved at the expense of a high humidity. 
In some piggeries where all means of 
ventilation have been closed to raise the 
temperature, the ammonia in the atmo- 
sphere may bring tears to the eyes of any 
who enter. Such conditions predispose to 
pneumonia and coughing. Farmers using 
the Danish system who have fitted extrac- 
tion fans over the dunging passages to 
remove the excessive humidity and 
ammonia and have fitted thermostatically 
controlled heaters over the sleeping 
quarters have achieved far better results, 
and consider that the greater well-being 
of the pigs more than pays for the electricity 
consumed. 

Grouping the intensive systems of 
poultry keeping together, faulty ventila- 
tion is the chief error in management, 
and it is amazing how many farmers 
planning intensive houses forget about the 
necessity for adequate ventilation. Colds 
are more prevalent in birds kept in badly 
ventilated houses, and with adult poultry 
it is best to over-ventilate. Chicks, how- 
ever, unlike adult birds, do well in stuffy 
conditions for they are very susceptible 
to draughts, chilling being a common 
cause of death. 

To obtain a balanced agricultural out- 
put means should be found to reduce the 
losses which may occur in cold weather. 
Growth in young stock must be uninter- 
rupted and bodily condition in adult stock 
must be maintained during the winter. 
On many farms to-day young cattle 
develop little during the winter months, 
and growth occurs only during the summer, 
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and many milking cows steadily lose con- 
dition throughout the period of winter 
housing. These undesirable features are 
mainly due to a low plane of feeding for 
five or six months, and a great deal more 
attention must be paid to the winter 
nutrition of farm stock, but improved 
methods of housing and management can 
also play a part in bringing about an 
improvement, for stock given insufficient 
protection from exposure use energy for 
the maintenance of body heat, which would 


otherwise be available for production, 
With any class of livestock the aim of good 
husbandry should be to obtain the 
maximum production possible from a 
particular individual and this can only be 
achieved if the method of husbandry em. 
ployed is satisfactory. 
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ANTHROPOLOGY AND INDUSTRIAL 
RESEARCH? 


by 


Dr. W. H. SCOTT 


Tus is a short paper, and I have to deal 
with a very broad subject. I must there- 
fore be selective. I am not an anthro- 
pologist but an industrial sociologist by 
training, and, since I must assume that 
anthropologists will know less of my 
subject than of their own, I propose to 
concentrate in the first place on the 
approach and methods of industrial 
sociology in this country. Then I will 
endeavour to point up some _ broad 
similarities and contrasts with the work 
of the anthropologist. In this way I 
hope to show what industrial sociology 
has gained from anthropology, and in 
turn, the directions in which the industrial 
sociologist has deemed it desirable or 
necessary to modify or develop the 
anthropologist’s tools. 


INDUSTRIAL SOCIOLOGY 


Most sociological studies undertaken in 
our society could properly be regarded as 
studies in industrial sociology, since we 
live in a society which is dominated 
by industrial institutions, and, as good 
anthropologists, we must expect to find a 
close relation between industrial and other 
institutions. Thus many community 
studies, or studies of, for example, class 
or family structure, are relevant to an 
understanding of behaviour at work. 

I propose, however, to confine my 
discussion to research which has sought 
to throw light on the behaviour of people 
at work by studying, at least in the first 
place, the social system of the workplace. 
This is merely to recognise time limitations 
and the fact that most of the work which 
is regarded as industrial sociology has 
accepted this limitation of the field of 
study. As the subject develops, however, 


* Paper read to Section H (Anthropology and 
Archaeology at Liverpool on September 7, 1953. 


the necessity for a closer link between 
study of the workplace and of its context 
in community and society will be in- 
creasingly recognised. 


RESEARCH PROBLEMS OF THE INDUSTRIAL 
SOCIOLOGIST 


The industrial sociologist, like the 
anthropologist, has (i) to enter his chosen 
field of study and become accepted by the 
people amongst whom he proposes to 
work; (ii) to have some theoretical 
concepts to guide his selection of data and 
to provide a framework for the presenta- 
tion of his conclusions ; and (iii) to devise 
methods for collecting the information 
which he seeks. 


ENTERING THE FIELD AND ESTABLISHING 
A RESEARCH ROLE 


A factory is more difficult to ‘ enter ’ and 
‘ live in’ than a community, for the work- 
place is a fairly exclusive social unit. The 
traditional philosophy of laissez-faire com- 
petition has meant that many firms have 
sought to keep their affairs secret, and has 
led them to resent intrusion. Moreover, 
workers in modern industry are literate, 
educated and fairly sophisticated and, 
because of the nature of economic and 
technical organisation in our society, they 
are organised in interest groups which are 
anxious to see the democratic rights 
which have been achieved in the political 
sphere recognised also in industry. Vary- 
ing degrees of inter-group tension are 
therefore encountered among them. 

In these circumstances, both manage- 
ment and employees tend to be very 
sensitive about research. Higher manage- 
ment fear that ‘latent problems will be 
brought to the surface,’ as they often put 
it; indeed, the sort of reception which 
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research proposals get from the manage- 
ment of a firm is probably a very reliable 
guide to the state of relationships in the 
organisation ; the worse they are, the 
more hostile is the reaction to the re- 
searcher. This probably explains why 
most sociological research in industry in 
this country has been done in firms which 
enjoy a reputation as ‘ good employers.’ 

Employees also are often suspicious of 
research proposals. Like other people, 
they tend to perceive the researcher in 
terms of their own prior experience, and 
the activities of time and motion study 
engineers and industrial psychologists 
have not always provided the happiest of 
precedents for them. They are likely 
therefore to perceive research as manage- 
ment-inspired and not to their benefit. 
Their Trade Unions I have found fairly 
co-operative, principally I think because 
they have considered that the conclusions 
of independent sociological research would 
reflect upon management rather than 
upon themselves. The industrial sociol- 
ogist will, however, have to pay more 
attention to his relations with Trade 
Unions in the future, for it is now recog- 
nised that study of the associated Trade 
Unions is essential to an understanding of 
the social system of the factory itself, and 
that there are problems of Trade Union 
structure and organisation which merit 
study in their own right. There is un- 
fortunately evidence that publication of 
Goldstein’s British Trade Unions, which was 
in fact a study only of certain restricted 
aspects of the Transport and General 
Workers’ Union, has led to a certain 
hardening of the attitude of Trade Union 
bodies towards this type of research. 

The problem of gaining entry to the 
field is further complicated by the novelty 
of sociological research in industry. It 
has developed in this country only during 
the last decade or so, and accordingly 
has no established meaning or role for 
industrialists and their employees. 

If, however, initial soundings are suc- 
cessful in preparing the ground, a formal 
approach can then be made to the control- 
ling body of the organisation. Although it 
is of course essential to secure the approval 
of directors or senior management first, it 
is important to stress at this stage that 
sanction will have to be obtained from the 
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leaders of all other important sub-groups 
in the organisation before research work 
as such can be started. This process 
must commence as soon as official ap- 
proval is forthcoming from top manage- 
ment, for it is important to avoid the 
spread of rumours that the research has 
been initiated by the firm. Since, as I 
said earlier, workers in industry are very 
conscious of their rights, and have estab- 
lished machinery for consultation on 
matters affecting them, sanctioning of the 
research by the leaders of all ‘ sides’ can 
only be achieved if the researcher seeks to 
promote understanding and approval of 
his intentions. Dissimulation, even if 
temporarily successful, is likely to prove 
disastrous as the research develops. The 
researcher must put his cards on the table, 
and must explain fully his purposes and 
the methods he proposes to use. He 
must, that is, establish a collaborative 
relationship with the leaders of the various 
groups in the organisation, and must 
maintain this relationship as his work 
develops. Likewise, once the initial sanc- 
tioning of the research has been effected, 
the researcher must continue the process 
of securing understanding and approval 
of his work, as his research as such gets 
under way, and comes to involve an 
increasing number of people throughout 
the firm. Yet whilst he must become 
accepted by all parties, and maintain this 
acceptance, it is essential that he avoids 
becoming identified with any of them. 
Should he allow it even to appear that he 
is allying himself with a particular sub- 
group, there is a danger that his relations 
with others will deteriorate, that their 
willingness to furnish information will 
diminish, and that his report will be 
rejected and even suppressed by other 
parties. 

In the light of the difficulties which face 
the would-be sociological researcher in 
industry, and of the high degree of social 
skill which is required to establish and 
maintain a research role, it is not sur- 
prising that co-operation for research 
purposes has so far been achieved with 
only a relatively small number of firms. 
In present conditions I think that Uni- 
versity staff enjoy certain advantages. 
The Universities have a tradition of 
independence, and command respect in all 
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sections of the community. This makes 
it easier for the University sociologist to 
obtain research facilities in industry, and 
to preserve an independent status whilst 
he is involved in the work. 

Many other issues arise in connection 
with establishing and maintaining a 
research role. The problems associated 
with presenting a report and securing 
clearance for it, and with ‘ getting out’ of 
the research field, are often as exacting 
as the problems of ‘getting in’ and 
‘staying in.” Time permits me to deal 
only with one other general consideration 
which is relevant to each of these stages. 
We still hear much of the controversy 
between advocates of ‘ pure’ and ‘ opera- 
tional’ or ‘ problem-centred’ research ; 
it is an important issue, and I do not 
doubt that each has proved its worth in 
particular fields of scientific endeavour. 
All scientists, however, have to adjust to 
the conditions imposed by their social 
milieu, and the industrial sociologist is no 
exception. Whereas the anthropologist, 
if he is so inclined, can try to regard his 
primitive society as a museum piece, as it 
were, this is seldom possible for the 
industrial sociologist. Contrary to popular 
belief, a workplace is in a constant state 
of flux or change, and people at all levels 
in industry tend to be ‘action-’ or 
‘problem-oriented.’ They are interested 
in getting things done, and in grappling 
with the problems which action presents. 
They are unimpressed by the pursuit of 
knowledge for its own sake—at least as a 
full-time occupation—and research which 
seems likely to make a contribution to 
action in the not-too-distant future is 
therefore more acceptable to them. If 
it be a contribution to the solution of their 
own problems, so much the better. 
Moreover, we live in a society in which 
the rate of change is unprecedented, yet 
in which a singular development of social 
conscience is leading increasingly to a 
demand that change shall be controlled in 
the interests of human welfare. In these 
circumstances it has been inevitable—and 
many would add, desirable—that most 
sociological research in industry has been 
‘ 

problem-centred ’—that is, it has been 
designed to throw light on matters which 
are a cause of concern to people in our 
society, and thus to enable these problems 
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to be tackled more effectively. I would 
not deny that this has brought disad- 
vantages—it has, I think, resulted in quite 
a lot of superficial work of both limited 
theoretical and practical value—but on 
the whole it is a healthy and desirable 
development. It certainly makes it easier 
to achieve research facilities in industry, 
and thus to establish the industrial 
sociologist’s role—which is essential if any 
other type of research is to develop any- 
way. ‘ Problem-centred ’ research is also 
more congenial to most industrial sociol- 
ogists, for whilst, like the anthropologist, 
they are studying a social system from the 
‘ outside,’ they are also, unlike the an- 
thropologist at work in a pre-literate 
society, sharers in the value system of the 
wider society of which the industrial 
institution is a part, and they are also 
compelled (as will be pointed out later) 
to analyse this institution in terms of its 
relationships with the wider society. 
They do, therefore, to a certain extent at 
least, share in the concerns and anxieties 
which agitate others in their society, and 
accordingly are happier when they feel 
that they are making some contribution 
to their resolution. I conclude, then, 
that we should not seek to withdraw into 
‘pure’ industrial research—but should 
seek rather to improve the quality of our 
‘ problem-centred ’ work. We must aim 
to study problem areas in a more funda- 
mental way. We shall thus not only 
enhance our practical contribution, for 
work which is theoretically more sound 
will provide a surer basis for action; I 
would also suggest that work of this 
nature may in the long run make a more 
fruitful contribution to the theoretical 
development of our subject than work of 
any other kind. For where people are 
aware of problems, social change is 
usually occurring or is imminent, and 
change provides us with ‘ natural experi- 
ments,’ the careful observation of which 
can lead to the validation or refinement of 
concepts which we have derived from the 
study of more static conditions. 

This preoccupation with problem areas, 
however, increases the responsibility of 
the researcher and makes greater demands 
on his skill. At the outset of his work, 
whilst emphasising that his primary 
function is to extend knowledge, he must 
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point out that a report will be made 
available to his collaborators, and indeed 
must be approved by them before being 
published, and that the results of his work 
may be of value to them when changes 
are being considered in the future. During 
the course of his research he must resist 
the frequent demands for advice and for 
the disclosure of information which will 
be made. When his work is completed, 
however, or as particular stages are 
completed, he must ‘ feed back ’ his con- 
clusions in a form which makes them 
intelligible to the people amongst whom 
he has been working. This is seldom an 
easy task for the person who is accustomed 
to use technical jargon, and sociologists 
have still much to learn if they are to 
achieve an accepted role in industry. At 
this stage, too, the industrial sociologist 
must be careful to avoid over-involvement. 
Otherwise, his erstwhile informants may 
become too dependent on him and he may 
find it virtually impossible to ‘ get out’ 
of the situation, and his independence as 
a researcher may be jeopardised. The 
solution, I believe, although it requires 
considerable skill to achieve, is for the 
sociologist to confine his involvement to 
ensuring that his conclusions are under- 
stood. He should, that is, act only as a 
clarifier or interpreter of his report, and 
should ensure that the persons themselves 
decide what action, if any, is to be taken 
on the basis of it. 


ANALYTICAL CONCEPTS 


Industrial sociology has tended to 
develop outside the main stream of 
thought in sociology, and likewise general 
sociology has tended in the past to ignore 
behaviour within industry. 

There are therefore few concepts which 
find general acceptance as yet, and the 
few that do tend to be catchwords, which 
are honoured in name and have different 
meanings for different people. 

Therefore, whilst I shall attempt to 
generalise about the very limited amount 
of sociological research which has been 
done in industry in this country, it must 
be appreciated that I have time to deal 
only with a few of the broader concepts, 
and that my perception of these will be 
coloured by the experience of my colleagues 
and myself at Liverpool. 
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The industrial sociologist studies the 
workplace as a social system, that is, as a 
system of inter-related and inter-depen- 
dent groups. The manifest purpose of the 
workplace is to provide goods and services, 
and top management initiates and seeks 
to maintain a formal organisation, based on 
the principles of division of labour and a 
hierarchical system of authority and 
responsibility, for the achievement of this 
end. Barnard has defined formal organi- 
sation as, ‘A system of consciously co- 
ordinated activities of two or more 
persons’ (1). It does not take into 
account particular social situations or the 
personalities of specific members of the 
organisation ; it is impersonal—a system 
of prescribed, ideal relationships. Formal 
organisation normally defines the mana- 
gerial ‘ line’ organisation, the functional 
or ‘staff’ organisation, the relations 
between ‘line’ and ‘staff’, and may 
prescribe disputes procedures and even 
the allocation of job responsibilities 
amongst rank and file employees. It is 
always to a large extent explicit, and may 
be embodied in organisation charts, 
handbooks, and so forth. The industrial 
sociologist seeks to describe the formal 
organisation, and then to see how it works 
in practice—in other words, how people 
do in fact behave—because it seldom 
operates as defined. In order to under- 
stand its operation, he must proceed to 
study the interest groupings and the social 
organisation of the workplace. 

An interest group consists of a number of 
persons who perform a similar function, 
and who consider that they have an 
interest in common which is distinct from 
that of other groups. The time-worn 
distinction between ‘ management’ and 
employees, of course, has significance in 
these terms, but these are very broad 
categories which allow of considerable 
refinement. Thus in recent decades there 
has been a growing cleavage between 
owners and managers; a feeling of 
independent group consciousness on the 
part of foremen has developed; and 
particular groupings amongst rank and 
file employees, such as office staff, crafts- 
men and process workers, have become 
more clearly defined. And so one could 
continue. These interest groupings can 
be regarded as the class organisation of 
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the workplace, and Trade Unions and 
the power structure of the factory develop 
on the basis of them. ‘They are, however, 
broad categories, and the members of one 
of them will seldom constitute a group to 
the social psychologist, to whom the term 
implies, amongst other things, regular 
face-to-face interaction amongst the mem- 
bers, and an awareness on the part of each 
member of the others as individuals. 

These social groups, as we should call 
them, tend to arise especially within 
interest groups but may overlap their 
boundaries, and knowledge of them is 
essential to an understanding of behaviour 
at work. The industrial sociologist pro- 
ceeds therefore to study the social organi- 
sation of the workplace, as the network of 
these social groups is frequently called. 
Most managers and employees will nor- 
mally be members of one or more of these 
groups, the groups themselves will tend 
to overlap, and some groups will be more 
highly structured and cohesive than others. 
Many will have a work basis, but others 
will be associated predominantly with 
recreation, eating, or residence. Thus 
within the category ‘management’ the 
directors, top managers and departmental 
managers will normally be distinguishable 
as separate groups, there may be sub- 
groups within each of these groups, and 
other groups may have members drawn 
from the ranks of both directors and top 
managers, or from both top managers and 
departmental managers; foremen will 
tend to form groups amongst themselves, 
but some may be members of groups which 
include managers, and others of groups 
drawn mainly from employees; then 
there are the multifarious work and other 
groups amongst employees themselves. 

The industrial sociologist often calls 
this social organisation the informal organi- 
sation, in order to contrast it with the 
formal organisation. It is, as I have 
suggested, a distinction which is essential 
to the understanding of behaviour, and it 
also helps to throw light on the needs 
which people seek to satisfy through work. 
For whilst formal organisation is designed 
to achieve the economic ends of the 
organisation, informal social organisation 
arises in response to these individual 
needs. Since the solution of many of the 
major problems of our society involves a 
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reconciliation of individual and _ social 
goals, the industrial sociolozist has been 
drawn increasingly to the study of the 
individual in his group context. There 
have been a number of studies, for 
example, of the relations between indi- 
vidual satisfaction in work, group morale 
and efficiency. In this connection we 
have used the concept of function, which 
may be defined as the purpose which a 
group serves in relation to the organisation 
as a whole, and the needs which its 
members seek to satisfy through member- 
ship of it. 

Many would regard this as an un- 
warranted trespass into the preserve of 
the social psychologist, but theoretical as 
well as practical considerations are now 
dictating a marriage of convenience, if 
not as yet a close working partnership. 
For if we seek to explain behaviour, we 
have to recognise the inter-dependence of 
social structure and personality. As Pro- 
fessor Simey has said, ‘ Changes in insti- 
tutional structure and changes in the 
personalities of the individuals associated 
with them are inter-connected processes, 
and the problem of social change cannot 
be satisfactorily dealt with unless action 
is based on an understanding of the very 
complex ways in which they interact ’ (2). 
A number of studies, for example, have 
stressed the desirability of consultation in 
industrial relationships. In my own work, 
‘ consultative leadership,’ as I called it, 
emerged as an important element in 
effective day-to-day relations, but the 
very limited ability of changes in formal 
organisation to promote this type of 
leadership was also apparent (3). It is 
of some value to describe the relationship 
that exists between a certain pattern of 
leader behaviour and certain desiderata 
such as high morale or efficiency, but this 
discovery cannot be validated unless we 
can say why leaders tend to behave as 
they do, and hence how we may endeavour 
to effect change in a desired direction. 
If we are to do this, we cannot ignore 
personality, for behaviour results from 
the interplay of personality and social 
environment. A recent study, for example, 
has shown that leader behaviour is related 
not only to the formal and informal social 
organisation of the workplace, but also to 
the general status attitude of the leader (4). 
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This, like other facets of personality, will 
have been influenced by family and class 
background, for example, amongst the 
many factors which operate outside of 
the social system of the factory itself. 

The social system of the workplace, 
then, can be regarded as a system of 
‘wheels within wheels,’ or of ‘ groups 
within groups,’ and the whole operating 
within the wider framework of society. 
Just as the inter-dependence of the various 
segments of the social system of the 
workplace was belatedly recognised—at 
least we no longer think that supervisor- 
employee relations, for example, can be 
studied in the abstract, as Elton Mayo did 
—so the interdependence of workplace, 
community and society, neglected for so 
long by the industrial sociologist, is now 
regarded as important. — 


MeEtTHODsS OF COLLECTING INFORMATION 


As a first step, the industrial sociologist 
exhausts documentary sources. There has 
been a tendency to neglect these in the 
past, but the better studies now make full 
use of historical methods. Examination 
of records can be supplemented by free 
interviews with a small sample of long- 
service employees. Old records, of course, 
are not necessarily more reliable than old 
men, but they do provide valuable 
* clues ’ which can later be pursued more 
systematically, and are an additional 
source of information which is not 
available in pre-literate societies. The 
use of historical methods also enables the 
industrial sociologist to see social organi- 
sation as a developing process, and thus 
makes it easier for him to understand the 
dynamics of the existing situation. The 
cleavage between craftsmen and produc- 
tion workers, for example, which is often 
encountered in this country, can only be 
understood in terms of its deep historical 
roots. 

For the collection of contemporary 
data, I think it is true to say that in 
general the industrial sociologist has been 
preoccupied with structured individual 
interviewing, usually with the aid of the 
questionnaire. This method has merits ; 
it is most appropriate for the collection of 
demographic and other data which is 
readily classifiable, and it facilitates the 
quantification of this sort of information. 


When excessive reliance is placed upon it, 
however, its use may entail the neglect of 
much significant data, and as regards 
social relations where an element of 
tension or conflict is present, it may not 
provide accurate information. The an- 
swers to questions such as, ‘ How do you 
get on with your foreman ?’ when asked 
in a_highly-structured interview, are 
invariably noncommittal or equivocal. 
Recent research has accordingly sought 
to remedy the past neglect of non-directive 
techniques and direct observation in 
industrial research. 

Non-directive methods are being used 
increasingly on a group as well as an 
individual interview basis as, for example, 
in the research into joint consultation 
undertaken by the Department of Social 
Science at Liverpool (3) and in the 
inquiry at the Glacier Metal Company 
carried out by the Tavistock Institute of 
Human Relations (5). Two tentative 
conclusions have been drawn from this 
limited use of the technique in industry ; 
in comparison with conventional methods, 
‘rapport ’ is more readily established and 
maintained, and the quantity and quality 
of the information obtained about social 
relations is enhanced. 

Although it is now appreciated that 
more direct observation of industrial 
behaviour could be made with advantage, 
the use of this method often presents 
problems. Industry, as I suggested earlier, 
is not accustomed to intruders, and indus- 
trial workers do not like being watched. 
There is therefore a danger that a-typical 
behaviour will be observed. It is prob- 
able, however, if the researcher becomes 
fully accepted in the ways which I have 
described, that he can make authentic 
observations in many situations in industry. 
This applies in particular, for example, to 
Works Committees and canteens, where 
visitors are often regarded as ‘ part of the 
furniture,’ as it were. Recent work in the 
United States also suggests that the method 
can be used successfully on the shop floor. 
The latter, however, is very expensive in 
terms of time and personnel required, 
because the observer must be about for 
some period of time before he is accepted 
as ‘part of the furniture,’ his range of 
observation is necessarily restricted, and 
his observations must be fairly protracted 
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before they can be accepted as a reliable 
guide to typical behaviour. 

The technique known as participant 
observation, when the researcher takes a 


job in a works and conceals his purposes 


as an investigator, has also been employed 
in industrial research. It can be used to 
make preliminary observations as a pre- 
lude to more systematic work ; to make 
an intensive study of the internal structure 
of a group; and to check on data ob- 
tained by other methods. Personally, 
however, I regard it as of very dubious 
value for research work inside factories. 
Its use raises an important ethical issue. 
When we are undertaking collaborative 
research of the type which I have described, 
which aims at an understanding of the 
social system of the workplace as a whole, 
and the results of which it is intended not 
only to publish but to make available to 
the people in the situation, I don’t think 
that we may also seek to ‘spy’ on them 
by means of participant observation. In 
any case, its use may involve all the 
dangers which are likely to result if the 
investigator is ‘ found out,’ and like direct 
observation by an ‘ outsider,’ it is expen- 
sive in terms of time and personnel. 

Experiment is another technique which 
has been used little, but whose desirability 
is beyond question, for it is only by 
experiment that we can give the stamp of 
authority to our conclusions about func- 
tional relationships in a situation. Once 
again, however, there are serious metho- 
dological difficulties in the way of develop- 
ing more precise experimental work. In 
the social field there is, for example, the 
problem of control, and of allowing for 
the fact that the persons concerned will 
normally be aware that an experiment is 
taking place. Experiment in a_ broad 
sense, however, is coming to occupy an 
important place in current work. As the 
results of a piece of research are ‘ fed 
back ’ to the people concerned, a process 
of discussion is promoted, and changes 
may be initiated as a result. Although, 
as I said earlier, it is important that the 
researcher should withdraw as this process 
develops, it may be possible for him to 
return after some lapse of time in order to 
make a systematic assessment of the 
— of the changes which have been 
made. 


Anthropology and Industrial Research 


ANTHROPOLOGY AND INDUSTRIAL 
RESEARCH 

Although I have, for reasons which I 
stated at the outset, concentrated in 
this paper on the approach and methods 
of industrial research, many similarities 
between anthropology and _ industrial 
sociology will be apparent from what I 
have said. Most industrial sociologists 
will readily acknowledge their debt to 
anthropology but, whether the debt is 
honoured or not, the important feature is 
that similar concepts and methods have 
been found valuable in the most contrasted 
social fields—pre-literate societies and 
advanced industrial communities. 

What are the more important similari- 
ties between the two? We both, I think, 
adopt the holistic view of the social system 
of the unit we are studying, and recognise 
the interdependence of its component 
elements ; we are both concerned with 
the description and analysis of social 
structure, if by this we mean the persistent 
uniformities in social relations which are 
of primary significance in relation to 
behaviour ; we both utilise the concept 
of culture to embrace the uniformities of 
thought and behaviour which we associate 
with particular elements of social structure, 
although some anthropologists would of 
course give the term a broader definition ; 
we both speak of function when we are 
discussing how the parts of a social 
structure are related to the whole; and 
we are both finding that we cannot ignore 
personality, even for the understanding of 
social structure—it is perhaps significant 
that Kardiner is working in the field of 
social anthropology at a time when the 
Tavistock Institute has taken up industrial 
research. In our methods, we find 
common ground in our use of direct 
observation and non-directive techniques, 
although the anthropologist has used the 
former more extensively than the indus- 
trial sociologist. The value of what 
Professor Firth has termed ‘ micro-sociol- 
ogy’ is, however, now recognised in 
industrial research (6), and although our 
increasing use of non-directive methods 
probably owes most to social psychology 
and psychiatry, the influence of the 
‘depth’ interviewing often undertaken 
by anthropologists with key informants 
should not be overlooked. 
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Anthropology and Industrial Research 


Since we have so much in common, the 
differences between us are, in the main, 
differences of emphasis. The industrial 
sociologist has been more concerned with 
developing techniques for entering the 
field and for maintaining his role once 
there. Although differences in conditions 
may largely account for this, it is surprising 
that the literature of anthropology appears 
to have so little to say about it ; I find no 
discussion of the problem in, for example, 
Professor Nadel’s Foundations of Social 
Anthropology. If anthropologists develop 
more work in Western Society, they could 
draw with advantage upon the experience 
which the industrial sociologist has ac- 
cumulated in his quest for research 
facilities. 

The industrial sociologist has had to 
develop a frame of reference which 
enables him to take into account the 
interplay of formal and informal social 
organisation, and his work has been more 
‘ problem-centred.’ Here again his social 
milieu has been influential, but again his 
experience can be of value to the anthro- 
pologist, who is concerned increasingly 
with the impact of Western Society on the 
simpler peoples. Under these conditions, 
too, the anthropologist is likely to become 
the adviser of the colonial administrator, 
and to find that the industrial sociologist’s 
preoccupation with ‘ problem-centred ’ 
research and social change has been useful 
for him. 

I do not think that I need say anything 
more about methods for collecting data, 
but perhaps I might be permitted to make 
one general observation. If the industrial 
sociologist has on occasion adopted a 
structured or over-systematic approach 
prematurely, the anthropologist has per- 
haps not always realised its importance, 
and has sometimes been too wont to 
generalise from the primary unit to the 
society. We are both, however, moving 
in the right direction, for as the industrial 
sociologist now recognises the importance 


of non-directive techniques and of direct 
observation as essential preliminaries to a 
more structured and systematic assessment, 
so the anthropologist is coming to see the 
latter as a desirable means of amplifying 
the significance of his observations and 
free interviewing. The work of Prof. 
Fortes on the Ashanti family (7), and of 
Conrad Arensberg and Lloyd Warner 
in modern industry (8), are excellent 
examples of this trend in anthropology. 

In conclusion, looking at the broad 
picture, I think that the similarities far 
outweigh the differences between us, and 
that our differences are in any case 
complementary ones. Perhaps the hap- 
piest auguries for the future of both our 
disciplines are their common insistence on 
an approach to general theory through 
intimate, first-hand acquaintance with 
facts, their common emphasis on the 
comparative study of social processes, and 
their common concern for the social 
conditions which make for the effective 
development of personality. 
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CYBERNETICS 


At the Meeting of the Association in Liverpool, Section A (Mathematics and Physics), 
Section I (Physiology), and Section J (Psychology) devoted the morning of Tuesday, 
September 8, to a joint discussion of Cybernetics. Dr. E. C. Cherry, Imperial College, 
gave an introductory sketch of the modern interest in the subject. Dr. W. E. Hick, 
University of Cambridge, discussed the impact of information theory on psychology 
with special reference to the measurement of skill. Dr. D. M. MacKay, King’s College, 
London, showed how the theory of autonomous artefacts, if properly disciplined, could 
provide a tool for the study of the mechanical basis of mind. 
The three papers are printed below in the order in which they were delivered. 


ORGANISMS AND MECHANISMS—AN INTRO- 
DUCTORY SURVEY. 


by 
Dr. E. C. Cherry 


In the year 1834 André Ampére wrote his 
Essai sur la Philosophie des Sciences, in 
which he coined the word la cybérnétique 
to mean the ‘science of government’ ; 
the word means ‘ steers- 
man’ (1). Government, whether it be in 
the sense of administration of a country 
or business, or the control of our own 
actions is analogous to the steering of a 
ship ; it implies an element of stability, a 
more determinate behaviour, a canalising 
of activity into streams of varying straight- 
ness and narrowness, directed towards 
some general goal. 

Such analogies as this and others 
between human activity and mechanical 
structures, have in the past formed little 
more than similes. Our Janguage shows 
how naturally we make such comparisons. 
We speak of ‘ the man at the helm,’ ‘ self- 
control,’ or of a man ‘running off the 
rails’ ; there are many common expres- 
sions which suggest parallels of thought 
in different studies such as sociology, 
psychology, or mechanics. But so long as 
comparisons remain mere metaphors they 
serve little more than a linguistic purpose. 
It was Herbert Spencer who pursued this 
interesting cul-de-sac to its end, by 
elaborate description of human organs 
in terms of mechanical transportation and 
signalling systems, factories and defence 


units, and who spoke of the ‘ dominant and 
subordinate centres’ in both the human 
nervous system and in societies (2). 

It is of importance in science to dis- 
tinguish between a metaphor and an 
analogy, and further, it is essential not to 
read even into a true analogy the right to 
take over a scientific method from one 
field to another unless the bounds of 
validity are clearly expressed. Our modern 
interest in these cybernetic analogies— 
systems of government or control, whether 
in human affairs, the animal body or the 
machine—represents a crystallisation of 
certain limited aspects of these older 
similes into an exact mathematical science; 
the name ‘Cybernetics’ is again used by 
Wiener (3), who has been largely responsible 
for this modern interest. This crystallisa- 
tion is by no means complete, which adds 
to the excitement ; nevertheless, out of a 
great mass of mathematics and experi- 
ment, it is possible to see form and shape. 
The mechanist (vitalist) controveries in 
the days of Descartes were strictly aca- 
demic ; to-day the interest has spread to 
the market place, for not only can we dis- 
cuss machines which have a certain man- 
like behaviour—we can make them too. 
The public has usually been content to 
leave the scientist to his mysterious 
pleasures in the small back room, but when 
it begins to scent Leviathan rising from 
the sea it takes notice and adopts attitudes 
of self-defence. That section of our 
Press which caters for the needs of the 
educated public has acted well as a 
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Scientific Liason Officer in reporting the 
results of research and in predicting the 
effects which discoveries may have upon 
the lives of its readers ; but sometimes the 
temptation to lapse into science fiction is 
too great. When the lay reader sees reports 
of machines which can play chess, or 
which can write sonnets he may feel his 
humanity and intelligence to be insulted. 
‘A pause to enquire how good a game, or a 
sonnet, might ease his mind, but when he 
reads of ‘ calculating machines which will 
replace a thousand clerks’ he feels his 
livelihood threatened, and could be for- 
given if he started reaching for the poker. 
But the revolution which modern elec- 
tronic machines have brought to our 
living has shown up remarkably few Lud- 
dites. The development of ‘ cybernetic ’ 
machines, to which man-like behaviour is 
sometimes attributed, is likely to have pro- 
found future effects on our bodily labour 
and even more upon our mental labour. 
Machines which show a certain simi- 
larity to human behaviour are conveni- 
ently divided into two classes, exhibiting 
respectively body-like and mind-like 
functions. The former may be called 
‘ Servo-mechanisms.’ Simple examples are 
gun-laying devices, thermostatic controls 
and many other automatic regulators 
used in industrial processing plants, or 
again the automatic pilot which keeps an 
aeroplane on a prescribed course. All 
such mechanisms are provided with a 
datum of equilibrium (‘ goal to seek’ ; 
‘ instructed ’) 1 such as an enemy target 
to be tracked, a temperature, pressure, or 
position to be steadily maintained, or a 
predetermined flight-route to be followed. 
Servo-mechanisms are similar to other 
machines except that they are provided 
with (‘sensory’) devices which detect 
departures from or errors in the pre- 
assigned datum (‘ goal’) ; such detectors 
pass ‘information’ to control elements 
(‘ effector units ’) which reset the machine 
on to its ‘ goal.’ Such a cyclic flow of 
information is called feedback. The animal 
body abounds with similar servo-mechan- 
isms which regulate our temperatures, 
our pulse rates, breathing rates, our 
balance and so on. The latter class of 
machines we call.‘ automatic calculating 


1 These expressions are anthropomorphic terms, 
often used in machine/brain analogies. 


machines.’ Just as all our modern 
mechanical gadgets, the lathe, the loom, 
the bicycle . . . show a steady evolution 
from the most primitive tools, so these 
high speed calculators are lineal descend. 
ants of the abacus. No fundamental, 
revolutionary changes in principle have 
occurred ; the machines have steadily 
increased in scale, in speed of operation 
and in complexity. To-day the rate of 
evolution is rapid, largely because of the 
introduction of electronic techniques. As 
mechanical tools, especially servo systems, 
have come to be regarded as extensions 
of the body, so calculating machines from 
the abacus onwards may be accepted as 
extensions of the brain. A modern high- 
speed digital computor performs calcula- 
tions at lightning speed, but there is no 
stage in its operation which could not be 
performed by a human: the machine is 
merely faster. Again, the machine does 
not ‘ think up’ its own problems, but has 
been provided with a programme: a 
sequence of controlling coded signals 
(‘instructions’) which determine what 
operations it shall carry out and in what 
order ; it is as inevitably tied as a slave 
to his master. Just so, it may be argued, 
we ourselves are not entirely free, isolated 
beings in a void, but are tied to our fellows 
by complex paths of communication. Can 
we ourselves be said to ‘ think up’ our 
own problems, unaided ? 

It would be pointless here to discuss 
detailed comparisons between machines 
and the human body or brain ; the reader 
will certainly have seen many articles and 
papers, the content of which we need not 
duplicate. In all this work, our modern 
interests seem to be best served by dis- 
cussion of function, not mechanism ; of 
what machines and brains appear to do 
not of what parts they are made or of how 
they are put together. Again, in such 
work one can see two particular escape 
hatches through which we are tempted 
to climb to avoid intellectual dilemma. 
The first is the idea that a brain is so over- 
whelmingly complex in its structure that 
we can never make a machine like it; 
this is undoubtedly true, but is an unsatis- 
factory way of dismissing a point of 
principle by appealing to practice. The 
second is the statement that questions 
like: ‘Can a machine think’? are 
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meaningless—mere linguistic statements ; 
this is also true, yet again is unsatisfactory 
because, behind such questions we instinc- 
tively feel there is a idea of value. The 
dismissal of questions as ‘ meaningless ’ 
can sometimes be, like Dr. Johnson’s 
view of patriotism, ‘the last refuge of 
scoundrels.’ The question is perhaps best 
altered to read: can we take such con- 
cepts as thinking, learning, recognising 
. . . and discuss them in terms of physics 
and mathematics? How much may 
established physical and mathematical 
theory contribute to problems of psy- 
chology and of physiology of the nervous 
system? A great deal of mathematical 
analysis has been made, relating to 
servo-mechanisms, and a number of 
general concepts have emerged; at the 
level of behaviour, these mechanisms and 
the human organism may profitably be 
examined together in the light of such 
concepts and theory (3). It may also be 
true to say that, so far, little of practical 
utility has been accomplished, except the 
most important achievement of uniting 
people from different scientific fields of 
science by stronger bonds of understand- 
ing. In these times of increased specialisa- 
tion, any valid unification of concepts can 
serve a most valuable purpose. 

One of the functional concepts which 
runs like a path through various fields, 
to some extent linking them together, is 
the concept of information; information 
flows through all communication systems, 
radio, electrical, human or mechanical ; 
it traverses the nervous system of the 
animal body, and it is manifest in the 
body social as a vital basis of economic, 
governmental and cultural activity. 

During the past twenty-five years, a 
considerable body of theory has been built 
up around the concept of ‘ information ’ ; 
this has largely been due to the work 
of mathematically-minded communication 
engineers, in an endeavour to describe 
what it is that their systems communicate. 
Recently, this theory has attained new 
importance by treating signals, together 
with the information they communicate, 
on a statistical basis (3), (6), (4). Once 
this work was done, its generality was 
widely recognised. Numerous scattered 
attempts have been made to extrapolate 
from the well-defined engineering field 
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into broader aspects of human communi- 
cation ; such interpretative work is fraught 
with pitfalls, one of the best-hid being 
confusion between psychological and 
physical notions. Since our present meet- 
ing includes both psychologists and mathe- 
maticians perhaps it will be well to 
indicate briefly the sources of certain 
misconceptions. 

When we speak or write to one another, 
we do not transmit our thoughts—we 
transmit physical signals or signs : sounds 
or printers’ ink. It is these signals which 
inherently bear information, or physical 
evidence about the originators’ thoughts. 
We may regard this ‘ information’ at a 
number of distinct levels. 


First LEVEL oF ‘ INFORMATION’: 
STATISTICAL RARITY OF SIGNALS 


The word ‘ information’ can be inter- 
preted in several ways; but if it is to 
be given quantitative measure it must be 
defined carefully. Let us imagine some 
channel of communication, comprising 
a source (emitting signals representative 
of some language, code or, in certain 
channels, a scale of measurement) and a 
receiver. Then the first level at which the 
source may be said to‘transmit informa- 
tion forms the business of the telecom- 
munication engineer ; he is interested not 
in the meaning, or in the usefulness or 
value inherent in the meaning of his 
message-signals, but only in their correct 
transmission. The source emits signal 
elements which represent letters, Morse 
dots and dashes, or symbols of some kind, 
each selected from a definite set, an 
‘alphabet,’ which has been agreed upon 
by the communicating parties. Each 
transmitted element communicates infor- 
mation, since it represents one out of a 
possible range of alternatives afforded by 
the set, or alphabet. Then the ‘ informa- 
tion’ content of the message-signals may 
be defined as the minimum number of 
yes-no answers required to specify their 
selections from the set (roughly analogous 
to the game of Twenty Questions). Sup- 
pose, for example, we have a set of eight 
equiprobable signal-elements ; then any 
one of them may be specified by answering 
the questions : Is it in the first half: yes 
or no? In the first half of that half: yes 
or no? In this case three such answers 
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will always be sufficient, since 2° = 8. 
Fig. 1 illustrates these eight elements 


Binary Cipher 


1 


Set or ‘ ALPHABET’ of Elements 


H 0 


Selective Information : Binary selection of Equi- 
Probable Message-signal Elements 


(called there A, B,C. .. H) and the succes- 
sive dichotomies. If we cypher the 
answer yes as 1 and no as 0, then each 
element may be cyphered by three binary 
units. In general, with N equiprobable 
elements the least average number of 


binary units is — log x per element. 


However, in many sources of messages 
the various elements in the set employed 
do not have equal probabilities of occur- 
rence (e.g. the letters in printed English). 
It may readily be shown that the minimum 
average number of binary yes-no answers 
now required, H, is given by av(—log ;) 
which may be written :— 


H = —Y f; log p; binary digits (bits) 
. per element, 


the average, or expected, log-probability of 
the elements in the set. Notice that, in such 
cases, the average number of selections 
for any one particular element (—log p;) 
may appear fractional ; and we cannot 
have fractions of a logical yes-no answer ! 
Thus we must talk only of average rates 
in bits/element from the source and not 
discuss the ‘information in a particular 
element.’ 

Such a ‘rate of information’ then 
refers purely to the selection of physical 
signal-elements out of a set or ‘ alphabet,’ 
and has no concern with any linguistic 
or meaningful attributes they may possess ; 


it is convenient to employ the term 
‘ selective-information ’ for this engineer- 
ing measure. But the set of signal-elements 
may well comprise a list of words, code- 
symbols, phonemes... anything we 
wish ; and the rate of selective-informa- 
tion is measured relative to the particular 
chosen set, in terms of the probabilities 
of these elements. 

The word ‘ probabilities,’ in this con- 
text, is to be interpreted objectively as 
‘ relative frequencies,’ estimated from past 
observation of the particular source, 
Psychologists may possibly be more in- 
terested in subjective aspects of probability 
theory—in terms of ‘ degrees of belief’ (7) 
—but the numerical measure of selective- 
information content is strictly based upon 
physical signal-elements given out by a 
source, and upon their relative frequencies, 
not upon how probable signals may 
‘ appear ’ to a human speaker or listener. 
The theory as developed so far is based on 
statistically stationary sources ; the relative 
frequencies concerned are assumed to be 
unchanging with time. Such assumptions 
may be wholly invalid in a discussion of 
many human communication problems. 


SEMANTIC OR ‘ MEANINGFUL 
INFORMATION ” 


The second level at which ‘ informa- 
tion’ may be considered, in human 
communication, arises as soon as received 
word-signals are assumed to be meaning- 
ful—that is, to refer to designata. The 
semantic (meaningful) information is wholly 
unrelated to the rate of selective-informa- 
tion because of the quite empirical rela- 
tion between words and their designata ; 
in language (the word paper and the stuff 
you are holding are not causally related, 
but empirically: by agreement). This 
assumption, by a listener, that the sound 
he hears corresponds to certain words, and 
hence to designata, raises the whole 
fascinating psychological problem of recog- 
nition. Everybody speaks with their own 
peculiar accent ; we never hear ‘ perfect 
words,’ but only samples of spoken 
sounds. Words themselves have the nature 
of Universals. The act of identifying ‘words’ 
(and designata) from a sample of spoken 
sound is an act of inductive inference, 
which proceeds from the particular to 
the general. The whole communication 
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process is one of inductive inference, a 
faculty so markedly possessed by the human 
brain and one by which we overcome 
uncertainties of accent and of noisy en- 
vironments, and by which we by-pass 
handicaps of half-knowledge ; the faculty 
of judicious guessing. We design our 
language to help these faculties ; we conform 
to rules of grammar and syntax ; we have 
conventions of speech which give clues 
about our accents; we stress or repeat 
difficult words ; and it is a fact that those 
words that are most infrequent are longest 
syllabically—we say more about them— 
whereas the most frequently used words 
are short (the, of, it, to. ..). Allsuch addi- 
tional material, clothing the bare bones of 
some idea to be communicated, is called 
redundancy. 


PRAGMATIC OR ‘ PERSONAL 
INFORMATION 


The semantic content of messages is 
basically abstracted from a particular 
recipient: he may be regarded as any 
member of the relevant language group. 
Such ‘ meaningfulness’ of messages, as 
may be taken to be common to all these 
members, relates to the invariants of the 
reactions of all of them to the message 
stimuli. Such abstraction is of course 
an idealisation. But there is a further 
aspect of any message which is not so 
invariant and which affects in detail what 
any recipient does when he himself receives 
the message. Most messages have personal 
significances which vary, depending upon 
who receives them. For example, suppose 
you read in the newspaper : 


Hurst Park. 2.30. Sundown. 4 lengths. 


then the thoughts stimulated in you and 
the reactions you make, depend upon 
whether you have any money on this 
horse. Aspects of messages which concern 
their senders or recipients are called 
pragmatic. (8). The whole past experience 
of the recipient, experience of similar 
situations and of the particular source 
of messages, together with past errors 
or successes, are brought to bear upon 
his identification of message content and, 
in turn, influence his reactions. 

The problem of recognition of a uni- 
versal from a specific physical stimulus is 
partly a pragmatic one ; different people 
may make different identifications of 
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geometrical shapes, of written letters, or 
spoken words, depending upon different 
past experiences ; their reactions, indica- 
tive of such identifications, will differ. 


CONCLUSIONS 


‘ Cybernetics’ is the name given to a 
wide variety of self-regulating systems, 
electrical, mechanical and human, which 
show certain functional analogies in their 
behaviour. Some attributes of their 
behaviour show similarities, such as 
‘ courses of action,’ ‘ degrees of stability,’ 
‘adaptation to environment,’ and _ all 
have this in common : that data circulates 
in closed-path cycles carrying ‘ informa- 
tion.’ This word has a variety of meanings 
and, when machines and living organisms 
are discussed in such contexts, care should 
be taken to distinguish at least three mean- 
ings corresponding to three aspects of 
communication : the signal (sign, token) 
selective-information content, the seman- 
tic and the pragmatic aspects. 
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Tue Impact oF INFORMATION THEORY 
ON PsycHOLOGY 


by 
Dr. W. E. Hick 
INTRODUCTION 


WitFreD TROTTER said, ‘ Any approach 
to the truth is a threat to the personality.’ 
It is too soon to say how Psychology will 
ultimately deal with the bit of logical 
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truth contained in Information Theory. 
All I can do here is to mention briefly one 
or two things that have actually been done 
in the field of Experimental Psychology. 
I must begin by emphasising that by 
‘information’ I mean ‘selective infor- 
‘mation’: that which is measured by 
the negative logarithm of a probability. 
The theory based on this definition is 
often, and rightly, called Communication 
Theory, but that is unfortunately apt to 
suggest merely things like telephones and 
radio ; properly, it is a fundamental part 
of the general theory of information, and 
hence of the theory of knowledge. 
Secondly, I must leave out of considera- 
tion all applications to brain-physiology, 
important though they may prove to be. 
Psychology, in so far as it is what we call 
‘objective,’ is ‘black box technique.’ 
By observing what goes in and what comes 
out, we seek to abstract laws relating 
them. No such observations, by them- 
selves, can tell us about the machinery 
inside. Yet the divorce is not absolute ; 
when we know, as we do, something about 
the internal machinery, further inferences 
about it can be suggested by ‘ black box’ 
laws—that is, by input-output relations. 
In terms of informational analysis, the 
* black box,’ whether living or not, plays 
the dual role of communication channel 
and code-changing transducer. In the 
study of human behaviour, the stimuli we 
apply represent messages, or parts of 
messages ; and the responses we record 
are the received communications. All 
this, of course, is to be understood in the 
sense of ‘ as if.’ Within a certain field of 
discourse, it is as if the human being were 
a channel along which information flows, 
and so on. These analogies are con- 
venient, emancipating, and, within their 
proper limits, perfectly accurate. But are 
they fruitful? That is what I hope to 
show. 


APPLICATIONS IN PsyCHOLOGY 

Broadly speaking, informational analysis 
has been applied in three areas of experi- 
mental psychology : 

(1) Hearing, language and speech. 

(2) Reaction times. This includes a 
number of activities characterised by the 
making of quick choices at various points. 
(3) Learning, in the general sense of 
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modifications of knowledge or skill by 
experience or practice. 


LANGUAGE AND SPEECH 


The first of these—language and speech 
—is a highly specialised field, well-tilled 
by the philologist, the communication 
engineer and several other experts, as well 
as by the physiologist and the psychologist. 
I will only mention one example, in 
connection with the recognition of speech. 

If words are spoken at random from a 
pre-arranged list of, say, four words, each 
word has a selective information content 
of log 4 units, or 2 ‘ bits.’ That is, there 
are 2 bits of uncertainty or missing infor- 
mation as to which word will come next 
at any point. If the background noise is 
raised until the listener can just hear 
practically all the words correctly in a 
long run, he is getting just enough 
auditory information to separate these four 
words. If, now, a much bigger selection 
of words is used, say 1,000, the information 
per word is nearly 10 bits or five times as 
great as before. The interesting thing is 
that apparently, on the average, the 
words now have to be repeated about 
five times to ensure 100 per cent. recogni- 
tion, with the same background noise. 

This example is elementary, but it is 
noteworthy for two reasons. First, if you 
try to avoid using information terms, the 
description is awkward and leaves you 
with a feeling of ‘so what?’ You would 
have to try a variety of lengths of list 
before the logarithmic relation would 
become apparent and even then it would 
be just another of the host of logarithmic 
curves fitted to biological data without 
rhyme or reason. In short, without Infor- 
mation Theory, who would have thought 
of doing the experiment and, what is 
more important, who would have remem- 
bered it when it was done? A theory 
earns its keep if it does no more than keep 
facts alive until they are needed. 

The second point is that the listener is 
evidently able to remember the sounds of 
the five repetitions long enough to average 
them and so decide which word was most 
probably spoken. There must be a limit 
to that: the simple ‘black box’ law 
can only hold in a restricted domain. 
Therefore we cannot complain that the 
experiment merely proved the obvious. 
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Cuorce Reaction TIME 

The next type of application I want to 
mention is the choice reaction time. The 
situation is that the subject knows he will 
receive one out of a certain ‘ alphabet ’ of 
simple signals, and he is to respond as 
quickly as he can by some simple pre- 
atrranged movement, different for each 
signal. Results have been obtained in a 
test which employed various numbers of 
alternatives up to 10, and in which the 
response was to press the correct one 
of ten Morse keys on which the subject’s 
fingers rested. This was repetition of a 
classical experiment done in 1885. In 
both cases the logarithmic function given 
below expresses very closely the relation 
between reaction time and number of 
alternatives, apart from a difference of 
scale. 

The signals in this test were given in 
approximately random order, so_ the 
information per signal was about log n 
units, where n was the number of alterna- 
tives used—the size of the alphabet, so to 
say. I.e. log n was the prior uncertainty 
as to which of the n signals would occur on 
a given occasion. 

But when n = | there is no such un- 
certainty ; yet it is clear that some infor- 
mation is conveyed even when only one 
signal can occur, since the subject has to 
wait for it. In general, there is some infor- 
mation about time included in the re- 
sponse ; it tells ussomething about ‘ when’ 
as well as something about ‘ which.’ It 
seems, for reasons I shall mention later, 
that we can treat the time information 
as equivalent to one extra alternative, 
equally likely with the rest, so that the 
total information extracted is log(n + 1), 
assuming the subject makes no errors ofany 
kind. It was found that the average reac- 
tion time was remarkably closely propor- 
tional to this function. 

The next thing was to see what hap- 
pened when the subject deliberately 
reduced his average reaction time by 
allowing himself to make errors. In this 
case, some of the input information is 
lost in transit, since an observer, seeing 
only the responses, could not be quite 
sure what signals were given; or, if he 
saw the signals only, he could not predict 
the responses with certainty. 

However, the amount of information 


399 


Cybernetics 


that does get through can be estimated, 
and, in order to plot it on the same graph, 
it can be expressed as the logarithm of an 
equivalent number of equiprobable alter- 
natives. Ten actual signals were used, 
but the subject, by making mistakes, 
acted as if on the whole he were distin- 
guishing perfectly between some smaller 
number of alternatives, n,. For example, 
if n, was 4, the subject was, on the average, 
classifying the 10 actual signals into 
4 groups of 24 each. There is nothing 
more mysterious in this than saying that 
the average family contains 2} children. 

The theoretical reaction time should 
now be proportional to log(m, + 1), and 
the curves plotted were approximately in 
agreement with this conclusion. 

Similar results were obtained in the 
same way from another subject, and it was 
found that log(n, + 1) fits at least as well 
as any other curve would. The suggestion, 
therefore, is that the time rate of gain of 
information is constant, in this situation, 
whether one waits to collect enough infor- 
mation to ensure the correct response, or 
whether one acts before that point. In 
the latter case, the deficit must be made 
good from some other, relatively random, 
source, in order to select one particular 
response, right or wrong. 

Another variant is to give the signals 
unequal probabilities—i.e., to reduce the 
input information, while keeping the 
number of alternatives the same. One 
method is to get people to sort playing 
cards into heaps according to various 
criteria; for example, ‘pictures and 
plain’ would be a two-way classification 
giving unequal frequencies. Again, it 
turns out that time and information are 
roughly proportional. 

The input information can also be 
reduced by introducing probability after- 
effects into the signal sequence. Here too 
it appears that the rule holds, at least for 
first-order effects, where the signal pro- 
bability depends only on what the pre- 
ceding signal happened to be. Almost 
certainly, with sufficient practice, more 
remote correlations could be acted on in 
the same way, up to the capacity of 
immediate memory. 

To return for a moment to the formula 
log(n. + 1), I have had to gloss over the 
meaning of the ‘1.’ Briefly, it has to do 
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with the fact that there were no relevant 
time errors—no premature responses or 
failures to respond. The discrimination 
between ‘nothing’ and ‘something,’ so 
to say, was practically perfect. 

But the discrimination between the n, 
mathematical fictions was also perfect, 
by definition; and they are defined as 
equally probable. It is as if the subject 
were able to state with certainty—in an 
average sense, of course—which of the 
ne +1 phases the environment was in. 
In other words, an impartial observer, 
having no reason to think one phase more 
probable than another, could receive 
log(n, + 1) units of information from him, 
per response. That is a fact, whatever the 
reaction time might happen to be, and it 
implies that the one extra possibility— 
that of no signal—can be regarded as 
having the same probability as any par- 
ticular signal. Whether it really has is 
neither here nor there—the subject’s 
channel capacity is such that it can have. 

It is not surprising that reaction time, 
if it is related to information at all, should 
be related to the whole amount trans- 
mitted. The interesting thing is that the 
absence of a signal seems to have the same 
status, perceptually, as any distinguishable 
class of signals. Biological tradition has 
never taken kindly to notions of that sort ; 
it admits (reluctantly, I suspect) that, for 
instance, black is as much a sensation as 
white or red or blue, but on the whole it 
has divided itself between a Newtonian 
caricature of the organism as remaining at 
rest until it is stimulated, and the opposite 
extreme of a sort of magical spontaneity. 
Common sense, however, should remind 
us that a living creature is never at rest 
and never without stimulation ; to refrain 
from acting requires the same sort of 
decision as to act. 

It is interesting also to reflect that the 
neural process, whatever it may be in 
detail, is neither a straight-through con- 
duction nor a determinate computation. 
There is plenty of evidence that the 
stimulus (the incoming data) is first 
recorded in its raw state, without pre- 
judice, as it were. The time thereafter is 
spent, not in selecting a response—that 
occurs almost at once—but in waiting 
until its probability of correctness has 
grown to an acceptable level. That is to 


say, reaction time is mainly the time 
required to collect a statistically signi- 
ficant sample from the primary memory 
store—or so it seems. 

Reaction times for near-threshold dis- 
criminations point the same way. The 
finer the discrimination, the longer does 
it take to ensure a given probability of 
correct perception. It is as if one makes 
a rapid stream of snap judgments which 
accumulate to form eventually a signi- 
ficant sample. The fact that usually 
nothing is gained by waiting longer than 
two or three seconds is probably due to 
forgetting. If we provide an artificial 
memory-store by simply recording a large 
number of actual guesses by the subject, a 
physical stimulus quantity far below con- 
scious perceptibility will cause a more- 
than-chance proportion of correct answers, 
In this context, consciousness is almost 
synonymous with confidence. What we 
call a sub-liminal stimulus may be one 
which saturates our storage capacity, so 
that without artificial aids we cannot 
attain the degree of confidence amounting 
to what we call conscious perception. 
‘Even the most elementary perceptions,’ 
said Sir Frederic Bartlett many years ago, 
‘have frequently the character of in- 
ferential constructions.’ There is, indeed, 
no doubt that they always have. 

From a practical point of view, the fact 
that reaction time is variable, with prac- 
tice, according to the probabilities in the 
situation and the acceptable errors makes 
nonsense of the popular faith in them as 
tests for drivers, air pilots, etc. All such 
skills depend largely on circumventing 
reaction time by foresight—good guess- 
work—and by knowing what errors, and 
how many, can safely be tolerated. 
Plenty of people will produce a reaction 
time on test of twice the normal value, 
not because there is anything wrong with 
them, but because the situation is arti- 
ficial and strange and they have misread 
it. With the right instruction and practice, 
they drop down, perhaps quite suddenly, 
to an average or better-than-average time. 

To come back to information, the rate 
of transmission in the classical choice- 
reaction experiment is some 5-6 bits per 
second. This remains true for practice up 
to a few thousand trials ; but there is some 
suggestion that when we get up into the 
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tens of thousands there is an appreciable 
improvement, for reasons not known. 
Moreover, by utilising more of the sub- 
jects’ motor skill than can be deployed by 
merely pressing Morse keys and the like, 
much higher rates—20 or more bits per 
second—can be obtained. So we are very 
far from being able to state a definite 
channel capacity or maximum information 
rate for the human being. 


THE PROBLEM OF SUBJECTIVE 
PROBABILITY 

In speaking of probabilities I have 
sometimes implied objective frequencies 
and sometimes subjective expectancies, 
without clearly distinguishing between 
them. In measuring transmission rates we 
are, of course, only concerned with objec- 
tive frequencies. The human being, for 
this purpose, is only a communication 
channel—and a channel has no expect- 
ancies ; it only has properties. 

Nevertheless, although probabilities are 
inferred from relative frequencies, as they 
are from many other sorts of data, an 
observed frequency is not a probability. 
However, if the experimenter can infer 
probabilities, so can the subject. At the 
beginning of an experiment, only the ex- 
perimenter knows the probabilities of the 
various stimuli—that is, the rules by which 
he proposes to control their frequencies ; 
so it would be absurd to expect a subject 
to act in accordance with them straight- 
away. If we want him to be in the state 
which we loosely call ‘ knowing the pro- 
babilities,’ we practice him until he 
appears to have reached statistical equili- 
brium in his performance—an observable 
condition which involves no necessary 
assumptions about his conscious or uncon- 
scious expectancies. 

That is not to say that we cannot 
measure other peoples’ expectancies at 
all; we do it every day, roughly, on a 
three or four-point scale, say. But as soon 
as we try to sharpen the estimate, we 
realise that we are not really measuring 
the other person’s subjective state ; for 
that is unobservable in principle ; we are 
only measuring behaviour. We may attri- 
bute it to a degree of belief, but we must 
also reckon with a utility or value judg- 
ment, and it is difficult to separate them— 
impossible in the strictest sense. 
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However, we are no strangers to con- 
cepts that are not exactly definable, but 
are nevertheless of some use. If we are 
willing to accept commonsense estimates, 
whose only justification is that most people 
would be in substantial agreement about 
them without being able to say why, In- 
formation Theory can help to clear up, or 
explain away, many miscellaneous psycho- 
logical observations ; most of them are un- 
important, but some of them do tend to 
stick out like sore thumbs. Often it is not 
necessary to work out a logarithm ; it 
is enough to grasp the ideas of surprise- 
value, uncertainty due to the number of 
alternatives, and so on. 

Why, for instance, does one cease to 
hear the ticking of a clock after a time? 
Because events to which one is not attend- 
ing are only accorded the primitive sort 
of analysis which argues that what has 
happened hundreds of times without fail 
is bound to happen the next time ; and 
when it does, it has no surprise-value, 
conveys no information ; and hence one 
cannot be aware of it. To become aware, 
we must give it surprise value by marshal- 
ling the evidence against it—that a clock 
is only too liable to have stopped, and so 
on. As we do so, the tick materialises 
again in consciousness. 

Again, why is it helpful, and probably 
essential, in memorising to fit the new 
material into a pre-existing mental or 
neuro-muscular scheme? Because the 
scheme identifies the pigeon-holes in your 
memory, and you have that much less 
information to memorise. 

Why can we judge an interval of, say, 
10 seconds to within 10 per cent. or so, 
provided we are not disturbed ? And why 
does time pass so slowly when we are 
bored or otherwise uncomfortable ? Per- 
haps because what we mean by the 
passage of time, as Dr. MacKay has 
remarked elsewhere, is the flux of informa- 
tion. If we take steps to keep it at a fairly 
steady rate, we can use it as a clock. If 
we are unhappy, we tend to imagine the 
coming relief—i.e., to make it seem more 
probable. In so far as we surrender to 
that illusion, we are the more surprised 
that the relief has not yet arrived, and we 
interpret the surprise as extra time. 

Such examples could be multiplied 
indefinitely. Often the interpretations 
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will be neither profound nor necessarily 
correct. But they are worth attempting, 
all the same. They provide an exercise for 
more serious theorising, and suggestions 
for deeper investigations. And we ought, 
for very shame, to have some reasonable 
answers to such elementary questions, or 
what is the good of being a psychologist ? 


CoNCLUSION 


The impact of Information Theory on 
Psychology is twofold. On the one hand, 
it has been shown to be the natural 
descriptive system for some phenomena 
of which exact statistical measurements 
can be made; and being a rational 
theory, it can and should be an inspira- 
tion to further progress. On the other 
hand, it can be used non-mathematically 
as a handy and enlightening concept, 
sufficiently general to have unifying 
power, yet sufficiently simple in its lower 
reaches to be comprehensible to nearly 
everybody. A familiar analogy is the idea 
of electrical impedance, which is precise 
enough to appear in the most abstruse 
circuit analyses, yet is also simple enough 
to be invaluable to every radio mechanic, 
whether he can calculate it or not. 

Let me end with a quotation from Prof. 
Max Born: ‘Faith, imagination, and 
intuition are decisive factors in the pro- 
gress of science as in any other human 
activity.’ Information Theory has some- 
thing to do with faith and intuition, and it 
certainly needs imagination to apply it. 


On COMPARING THE BRAIN WITH 
MACHINES 


by 
Dr. D. M. MacKay 
INTRODUCTION 


WHEN we speak of comparing the brain 
with machines we may mean one of three 
things, according to which of three quite 
different questions we have in mind. 

We may be thinking of the question, 
how far does the brain resemble existing 
mechanisms, such as electronic computing 
machines? The short answer to this 
question is that electronic computors are 
not designed to resemble the brain: in 
fact they are explicitly designed not to 
resemble the brain in most of its functions 


of importance. A computor that de- 
veloped aesthetic preferences and had 
occasional ideas of its own would have a 
limited field of usefulness, or at least a 
different one! Any resemblances there 
may be are for our present purpose trivial. 

The second question is whether we could 
ever design an artificial mechanism or 
‘ artefact ’ to imitate all human behaviour. 
Could an artefact ever be designed to frame 
novel hypotheses, or (notoriously) to write 
sonnets ? 

This question is slightly more interesting 
from some points of view. By imitation 
of course we should mean much more 
than the sort of imitation provided by a 
gramophone or even a walking, talking 
robot. In fact we are quite entitled to 
demand that the artefact should meet 
every functional test that we can think 
of which the brain, or the nervous system 
as a whole, can meet. 

But the answer to this question also is 
fairly straightforward. Any test that we 
can specify exactly, or even statistically, 
in terms of the behaviour to be expected 
in given circumstances, can in principle 
be met by an artefact built only of 
mechanisms that are now available to us. 
The reason is that by a simple logical 
process we can turn any such precise test 
intoa description of at least one mechanism 
that will meet it. It may be an inordin- 
ately bulky mechanism, but we shall be 
unable to distinguish its performance from 
that which we have laid down. 

It follows that all arguments that begin : 
‘You'll never get a machine to do such- 
and-such,’ are foredoomed as soon as the 
speaker has been induced to say precisely 
what behaviour he would regard as satis- 
factory. What is doubtful is whether we 
shall ever be clever enough to specify, 
even in principle, an exhaustive test for 
human-like behaviour. It is in_ this, 
rather than in the mechanical problem, 
that I believe there is anything of non- 
trivial philosophical interest (1). 

The third question covered by our title 
is I think the one of greatest practical 
importance: how far is it possible to 
envisage an artificial mechanism that 
would not only imitate human behaviour, 
but work internally on the same principles 
as the brain? It is this possibility that I 
want chiefly to discuss. How do we set 
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about comparing the brain with machines 
in this sense ? How far have we got—and 
how far can we hope to go? And what is 
the point of it all anyway ? 


METHODS OF APPROACH 


The brain is unique in offering us two 
kinds of clues as to its function, in physical 
observation on the one hand and psycho- 
logical study on the other. They are 
couched in very different languages, and 
our first problem is to find a common 
language in which to relate the two. 
Fortunately, as you will have gathered 
from the earlier papers, the language of 
information and control theory turns out 
to be just what we need, since it belongs 
in a sense to both fields. 

So the first step in designing our theore- 
tical model must be to sum up what we 
know of the way in which the brain 
handles information, at all levels from the 
nerve cell up to the complete organism. 
This gives less positive guidance than you 
might think, but sets negative limits on 
the kind of model we may envisage (2). 

We next ask : within these limits, what 
mechanisms are there which could handle 
and respond to information in the same 
way ? Again we can tackle this question 
at various levels. The exponents of what 
is called ‘ nerve-net theory ’ start with an 
idealised model of the nerve cell, and 
develop from it theoretical networks 
capable of complex functions (3). At the 
other extreme my own preference is for a 
statistical model of the whole system, 
with a flexible structure that we may hope 
to bring gradually to resemble the large- 
scale structure of the nervous (and 
humoral) system (4). 

In our present state of ignorance a fair 
number of models might be designed to 
meet these conditions, although an in- 
creasing number are being ruled out. So 
our next step must be to study in detail 
how our model would work—and how 
it would go wrong,—and to go back to 
the brain to discover whether it does like- 
wise. The discrepancies we find can then 
(if we are lucky) suggest the lines along 
which we should refine or redefine our 
model for the next comparison. 

Let me give you an example. Nobody 
knows how the visual system enables us to 
recognise the shape of an object irrespective 
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of its size. One hypothesis suggested a 
model in which the visual map in the 
cortex was rhythmically magnified and 
diminished in size about ten times per 
second, in step with the electrical rhythm 
of the same frequency which can some- 
times be detected at the back of the head. 
There are of course anatomical and other 
tests of this model, and I do not think that 
it meets these very satisfactorily. But one 
way of testing it would be to ask : is there 
any way in which the mechanism could 
be tricked—and if so, can we trick the 
brain in the same way ? 

One obvious trick might be to present 
our model with a pattern whose size was 
fluctuating at the same rate as its internal 
magnifier. In the simplest form of model 
this could either prevent the pattern from 
being recognised, or at least give rise to 
perceptual anomalies. It is not difficult 
to try this trick on a human subject. A 
television tube can draw a square or 
triangle whose size fluctuates at the same 
rate as the electrical potential on the sub- 
ject’s scalp. But in several tests of this sort 
I have never found any evidence of 
anomalous perception (5). A null-result 
of this sort does not of course prove that 
rhythmic ‘scanning’ does not occur. It 
proves only that the hypothetical model 
of the process was wrong in at least one 
respect. I think there are other grounds 
for believing that scanning in the en- 
gineer’s sense is unlikely to occur, but 
that is another story. 


PROGRESS AND PROSPECTS 


From the example I have just given you 
may get the impression that our model- 
making is still at a very rudimentary stage. 
You will be right. There are still far too 
many possible models that cannot yet be 
ruled out on the evidence we have (6). 
Some will fall gradually by the wayside, 
like the digital-computor model, as other 
models are evolved which beg fewer 
questions. Choice of a model is much 
more a matter of intuitive judgment than 
of strict deduction. 

Among the less explicit though none 
the less important restrictions on model- 
making is the requirement that the brain 
as modelled must have been capable of 
growing that way. This has led some of us to 
investigate the possibilities of self-organising 
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statistical or ‘ probabilistic’ models. By a 
statistical model we may mean (a) one 
whose elements function deterministically 
but whose detailed interconnections are as- 
sumed to form more or less randomly (7), 
or (5) one whose elements function 
indeterministically, to some controllable 
extent. 

The model that I think promises to be 
most useful is statistical in both these 
senses (1, 4). Its basic feature is the 
ability to adjust the rules of its own 
activity according to the degree of success 
it attains ; but it does this, not by throwing 
switches, but by adjusting the relative 
probabilities of different patterns of activity. 
Its rules, in other words, are grown 
statistically as a result of its own trials and 
errors. ‘The interconnections between 
elements are not hard and fast, but have 
each an adjustable probability of func- 
tioning, which will in general depend on 
the location and the timing of all neigh- 
bouring activity. 

You might picture a typical element as 
something like a gun with a rather un- 
certain trigger. The farther the trigger is 
pulled, the greater the probability that 
the gun will go off. If now we suppose 
that when a gun goes off, its firing alters 
the tension in the trigger of another gun, 
without necessarily firing it, we have the 
basic model of a mechanism that alters 
the probabilities of its own activities. I 
wish it were possible to go into more 
detail. But perhaps you can see roughly 
how a network of such elements, if sup- 
plied automatically (as a thermostat is) 
with signals to indicate success or failure, 
could use them to alter the probabilities of 
sequences of actions so as to grope its way 
more and more quickly into a pattern 
of activity to ‘match’ any incoming 
patterns that persisted in recurring. Its 
good guesses, so to speak, could be made 
to persist, and its bad ones to drop out. 
But because its activity would never be 
uniquely determined by the input, there 
would always be room for occasional 
spontaneous attempts to try something 
new as a ‘ matching-response ’ to the flux 
of events. With a hierarchical structure 
these attempts could include guesses about 
the relative probabilities of other guesses, 
so that abstractions of any order could be 
evolved (1). 


Such a model is sufficiently general to 
be capable of any activity we may care 
to specify, and it bears promising 
resemblances to the human nervous-and- 
humoral system. But if it survives the 
next twenty years, our only reasonable 
certainty is that it will have grown almost 
out of recognition. If it has not, it will 
have been of small service. 

This brings us to our third question, 
What do we hope to achieve by all 
this ? 


Tue FuNCTION OF THEORETICAL 
MOoDELs 


You will probably have gathered part 
of the answer already. A _ theoretical 
model of the sort we have been discussing 
is intended to serve as a tool of research. 
We can think of it as a kind of template 
which we construct on some hypothetical 
principles, and then hold up against the 
real thing in order that the discrepancies 
between the two may yield us fresh 
information. This in turn should enable 
us to modify the template in some respect, 
after which a fresh comparison may yield 
further information, and so on. The 
model as it were ‘ subtracts out’ at each 
stage what we think we understand, so 
that what we don’t yet understand sticks 
out more clearly. 

You will see at once that we shall 
judge a good model for this purpose not 
so much by the success with which it 
imitates or predicts, but rather by the 
clarity with which its failures enable us to 
infer what to modify next. To be sure, 
our aim is to approximate more and more 
to the real thing. But we may easily be 
misled into an approximation process that 
doesn’t converge. It may even pay us to 
scrap one model for another which at 
first offers us fewer numerical predictions, 
if the first show signs of requiring one or 
more additional hypotheses for each 
phenomenon it encounters! It is worth 
remembering, in these days when pre- 
dictive ability is so often confused with 
understanding, that the epicyclic ‘ theory’ 
of planetary motion would have been less 
at a loss to account predictively for 
the anomalous motion of Mercury than 
Kepler’s theory which displaced it ! 

Our second criterion of a good research 
model is that it should not only function 
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normally like the brain, but that it should 
also go wrong in the same kind of way. As 
we have seen, our model is tested most 
severely, and is of greatest potential value, 
in the study of cerebral disorders rather 
than of normal function—difficult though 
it is to draw the line between the two. 

It is possible that some of the mathe- 
maticians among us may tend to feel that 
no theory is worthy of the name until it 
has produced some equations. But I want 
(if I dare) to emphasise that what we want 
to understand in such multidimensional 
problems would be very little illuminated 
even if we could produce a gigantic 
equation relating all the variables that we 
should never measure. 

Understanding, here as always, means 
knowing as far as possible what to expect 
in given circumstances, and what to infer 
when it doesn’t happen. The difficulty 
is that the data, on which we want to 
organise our expectations by means of 
our theory, are mostly not measureable 
variables but qualitative abstractions from 
function. So it is only a small part of our 
aim to develop equations leading to 
numerical predictions. This satisfaction 
we must cheerfully leave to folk with a 
different type of problem. 

But behind this approach to the study 
of the brain there lies a more general 
motive. It is the hope of providing a 
working link between the concepts of 
psychiatry, physiology and anatomy. Co- 
operation now between these fields is ham- 
pered by the sheer difficulty of imagining 
physiological correlates of some psychiatric 
terms and vice versa. 

Now the language of information and 
control lies in a sense in between the 
language of psychiatry and physiology. 
In the information-flow diagram of a 
successful model we may hope to find 
features representing concepts from each 
language. Some of the data of psycho- 
pathology even now can be translated 
into terms of information-flow so as to 
suggest testable physical hypotheses.) I 
need hardly say that this is rather different 
from naively assimilating mental disorder 
to the ills of digital computors—a pastime 
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which has justifiably irritated those more 
painfully close to the problem. 

To summarise, the considerable effort 
going into this theoretical model-making 
is justified chiefly by the hope that out of 
it may come a way of describing the think- 
ing process, sufficiently close to psychiatric 
realities to be useful in diagnosis, yet 
sufficiently operational and objective to 
allow the physiologist to make his maxi- 
mum contribution to the study and treat- 
ment of mental illness. You might call it 
conceptual bridge-building : an activity 
set about with pitfalls and attractive to 
cranks, but withal one of the most 
promising ways of enlarging our under- 
standing of what happens when we 
understand. 


PosTsCRIPT ON PERSPECTIVE 


May I end with a word of warning. 
This kind of enquiry is often miscon- 
ceived, and sometimes attacked, as an 
attempt to ‘debunk Man.’ People say: 
‘If my actions are nothing but the end- 
products of chains of physical causes, where 
do my decisions come in?’ And it may of 
course be true that people who do wish 
to debunk Man imagine that a complete 
physical explanation of his brain would be 
grist to their mill. But if so I believe that 
they err in company with their opponents 
who accept the same premiss. 

The villain of the piece here is usually 
the phrase ‘ nothing-but ’—the hall-mark 
of what we may call reductionist thinking. 
If I say that an electric advertising sign is 
‘nothing-but’ a certain array of lamps 
and wires, I may mean one of two 
things : 

(a) I may mean that an electrician 
could make a complete catalogue of all 
that is there, and have nothing left over, 
without mentioning ‘ the advertisement.’ 
This is true. | 

(b) Or I may mean that since there is 
nothing left over from the electrician’s 
account, there isn’t really an advertise- 
ment there at all. This is the error of 
reductionism. It consists in confusing 
exhaustiveness with exclusiveness. The elec- 
trician’s account is exhaustive at least in 
the sense that a perfect replica could be 
constructed from it. But the electrician’s 
account and the advertiser’s account of 
‘all that is there’ are not mutually 
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exclusive. The advertisement is not some- 
thing to be fitted into a gap in the elec- 
trician’s account. It is something that we 
find when we start all over again to 
describe what is there in another com- 
plementary language. 

It is not even possible to defend re- 
ductionism by the principle of Occam’s 
Razor, for this refers to a choice between 
alternative descriptions in the same lang- 
uage-system, and not to a choice be- 
tween descriptions in alternative language- 
systems. 

I suggest then that to try to find gaps 
for ‘ my decision ’ in the physical chain of 
events in my brain is like trying to find 
gaps for ‘the advertisement’ in the 
electrical description of the sign. My 
decision should find no place because it 
belongs to a different language, defined 
not from the observer’s but the actor’s 
standpoint. There may well be links in 
the physical chain which have a certain 
margin of indeterminacy ; but merely on 
linguistic grounds it would seem absurd 
to seek to fit ‘ my decision ’ into what gaps 
they provide. My decision is surely rather 
my description from my standpoint of the 
whole pattern of activity, determinate and 
indeterminate. 

It is not because I believe my brain to 
work indeterministically that I judge 
myself to be responsible. On the contrary, 
the more physically reliable my brain is, the 
less excuse I have from my responsibility. 
There is an unpredictability that goes with 
my responsibility, but that is something 
different. It is the unpredictability to you 
of what I shall do if you offer me your 
prediction. As a little thought will show, 
you would never be able to cope with this 
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by allowing for the effect of your prediction 
on me, since I should always be one jump 
ahead of the data on which you could 
base it. 

To sum up, I believe most seriously that 
man is ‘ more than ’ the physical organism 
we can describe in observer-language. But 
I believe that this implies, not necessarily 
that there must be gaps in the physical 
account of his activity, but that he has 
other aspects that are revealed only by 
using another complementary language 
to describe the same activity, which in its 
full nature transcends and combines what 
can be said in each. 

To explore the implications of such 
complementarity may throw some light 
on the age-old paradox that though we 
are but dust, we are held responsible in 
the sight of God our Maker. But of this 
responsibility, whatever our attitude to it, 
no increase in our understanding of the 
brain can relieve us. 
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THE PHYSIOLOGY OF ATHLETIC TRAINING 


Ar the Liverpool Meeting of the Association, Section I (Physiology) devoted the whole 
of Friday, September 4, to a symposium on training for athletics. Papers were read 
by speakers engaged in various sports as well as by physiologists, and stress was laid on 
methods of training and on the maintenance of fitness. ‘The morning session which was 
concerned with the physiology of athletic training was opened by Prof. A. Hemingway, 
University of Leeds. Prof. A. V. Hill, C.H., O.B.E., F.R.S., Past President of the 
Association, was Chairman of the afternoon session at which papers were read on 


practical aspects of training for athletics in man and other animals. 
The papers have been edited by Dr. D. H. Strangeways, The Queen’s University, 


Belfast, and are printed below. 


PHYSIOLOGICAL Factors IN ATHLETIC 
PERFORMANCE 


by 
Prof. A. Hemingway 


Reasons have been sought for the im- 
provements in athletic performance, par- 
ticularly in middle and long distance 
running, which have occurred in recent 
years. Many factors have operated includ- 
ing better selection of athletes, severer 
competition and improved facilities for 
practice but it seems possible that a fuller 
understanding of the physiology of mus- 
cular activity and the application of some 
physiological principles in systems of 
training have played an important part. 
Although only running, which is one of 
the most fundamental parts of athletics, 
will be considered here, much of what 
apertains to it is applicable to other sports 
and games. 

For almost all forms of athletic per- 
formance muscular strength is required, 
and the conditions which lead to the 
development of strength and of local 
endurance in muscles will be dealt with 
in a separate contribution to this sym- 
posium. But the largest and strongest of 
muscles do not by themselves make a 
champion runner, and we know that even 
the most accomplished athlete can run at 
maximum speed for only a short distance, 
say, 100 to 250 yards, or at slower speeds 
for longer distances. 

The energy for muscular contraction 


is supplied by chemical reactions occurring 
in the muscle. Primarily these reactions 
operate without oxygen ; they are anae- 
robic reactions. One of the end-steps of a 
complicated breakdown and rearrange- 
ment of the molecules in the muscle is the 
formation of lactic acid from pyruvic acid. 
But the amount of energy which can be 
obtained from these reactions is limited, 
and after a certain number of contractions 
the muscle is incapable of undertaking any 
more work ; it is fatigued. During and 
after these anaerobic contractions some 
lactic acid passes into the blood. The 
sprinter depends mainly upon these anae- 
robic reactions and his performance is 
little affected by whether he breathes or 
not during the period of his run, and 
maximum speed is perhaps mainly limited 
by the physical properties of his muscles. 
The effort of the long distance runner is 
terminated either by run-down of pre- 
cursor material or by accumulation of 
lactic acid, but he ekes out his limited 
anaerobic resources by a continued use of 
anaerobic processes. 

In the presence of oxygen a ‘ secondary ’ 
series of reactions—aerobic reactions— 
takes place. The important point is that 
in the presence of adequate supplies of 
oxygen pyruvic acid is not converted to 
lactic acid but itself undergoes oxida- 
tive breakdown. Alternatively, lactic acid 
which has been formed can be converted 
back to pyruvic acid and employed in the 
cycle of oxidative reactions. 
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Anaerobic and aerobic reactions are not 
mutually exclusive, and the anaerobic 
reactions, limited in the amount of energy 
which they can supply, are only employed 
in circumstances when the rate of energy 
liberation and expenditure outstrips the 
rate at which the aerobic reactions can 
be maintained by supplies of oxygen 
carried to the muscles by the blood. The 
problem in maintaining a contest where 
endurance counts is how to derive the 
maximum proportion of the energy from 
aerobic rather than from anaerobic 
reactions. 

How does training help an athlete to 
improve his performance ? Comparisons 
have been made between trained and 
untrained subjects who undertook ex- 
hausting exercise on a moving belt (1). 
The results are crudely summarised in the 
accompanying table. 


Comparisons of reactions of fit and unfit men 
to same rate of exhausting work. 


Fit | Unfit 
Resting heart rate lower | higher 
Return of heart rate to 
resting value after 
work ‘ . | faster | slower 
Maximal oxygen con- 
sumption : . | higher| lower 
Blood lactate during 
work : . | lower | higher 


The differences between the two classes 
of subjects are of degree rather than of 
kind because, if the rate of exercise is made 
sufficiently severe, the trained man can 
be brought to exhaustion within a similar 
period to the untrained man running at a 
slower rate. In these circumstances his 
heart rate will be as high as that of the 
unfit man, his blood lactate concentration 
may be even higher; but during the 
exercise period, and presumably enabling 
him to continue, the rate of oxygen uptake 
by the trained man will have been much 
higher. Rates of oxygen uptake of 5-3 
and 5-2 1./min. respectively have been 
observed in two first-class athletes. 

It seems unlikely that, in ordinary cir- 
cumstances, the lungs and breathing, as 
far as they are concerned with the volume 


of air breathed, are involved in the limita- 
tion to severe exercise. In the experiments 
described the vital capacities of the trained 
and of the untrained were not markedly 
different. Nor does the amount of air 
passed through the lungs apparently 
determine limitation. 

The trained athlete is apparently more 
efficient in using oxygen from the air 
passing through the lungs; probably 
because his breathing, for a given volume 
of respired air per minute, is deeper and 
slower than in the untrained, so that a 
larger proportion of the air passes into the 
lungs proper and is not merely passed to 
and fro in the larynx and trachea. And 
for a given rate of working the volume of 
air breathed per minute is reduced by 
training. The volume of air which can 
be passed through the lungs by voluntary 
overbreathing is much larger than is ever 
attained during exercise. 

On teleological grounds, it might be 
expected that during training there 
would be an increase in the oxygen carry- 
ing power of the blood or of its buffering 
capacity against accumulating lactic acid. 
In fact, there are no such changes, as is 
shown by the experiments in 1941 of 
Robinson and Harmon (2), who observed 
nine physical education students through 
a course of six months’ training. The 
resting haemoglobin and plasma protein 
concentrations in the blood and _ the 
changes which occurred during hard 
muscular activity were unaffected by 
training. 

The maximum output of the heart is 
probably one of the limiting factors in 
exhausting exercises. During the last 
decade the development of measurements 
of cardiac output by catheterisation has 
given direct evidence during light ex- 
ercise about the relationship between 
cardiac output and oxygen utilisation and 
has provided calibration for the indirect 
methods which have to be used during 
hard exercise. 

It seems to be generally accepted that 
there is a roughly linear relationship 
between the heart output and the rate 
of oxygen uptake when free rhythmic 
muscular movement, such as running, is 
undertaken. But while the untrained man 
may not be able to increase his rate of 
oxygen uptake beyond 2-0 1./min. and 
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his heart output as far as 15 1./min., the 
trained athlete, as we have seen, may be 
able to take up more than 5 1. of oxygen 
per minute which would require a heart 
output of about 40 1. 

But it would be wrong to leave the 
impression that athletic capability is 
determined solely by the potentialities 
for transporting oxygen from air to the 
muscles. The severe training methods 
followed by present-day long distance 
runners such as Zatopek, who may run an 
aggregate of 100 miles each week, aim at 
increasing the strength of both the skeletal 
muscles and the heart and also at improv- 
ing the efficiency with which oxygen is 
used in the muscles. The athlete endea- 
vours to make optimum use of the oxygen 
which is available by running usually at a 
constant pace and by employing an 
economical style. For instance, at a given 
pace there is an optimal length of stride (3). 
Both practical experience and laboratory 
experiment (4) show that preliminary 
exercise—‘ limbering-up ’"—improves sub- 
sequent performance and seems to produce 
its effects through a local increase in 
temperature of the working muscles. 
Whether the change in temperature 
directly affects the properties of the 
muscles or operates by increasing blood 
flow is still uncertain. 
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THE CONTROL OF BREATHING DURING 
EXERCISE 


by 
R. G. Bannister 


Tue physiologist and the athlete approach 
the study of athletic training with different 
aims. The physiologist hopes that a study 
of the adaptation of the body to such 
stresses will throw valuable light on its 
integrative function; the athlete hopes 
to discover from it the ultimate limits of 
effort and endurance. This paper sug- 
gests some ways in which the physiologist 
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may be able to help in the selection of 
athletes and in the measurement of the 
limiting factors in different athletic events, 
especially those factors related to the con- 
trol of breathing. 

Not everyone is able to benefit from 
athletic training. Can the physiologist 
select those potential athletes possessing 
the physical and dynamic attributes 
needed by champions? An early attempt 
to classify physique was made by Hippo- 
crates who described two basic physiques : 
habitus phthisicus and habitus apoplecticus, 
the extreme thin man and the extreme fat 
man. A similar principle is used to-day, 
though Sheldon has added a third 
extreme : the muscular or mesomorphic 
man. It seems that athletes tend to have 
a physique high in both mesomorphy and 
ectomorphy (habitus phthisicus) and low in 
endomorphy (habitus apoplecticus). Somato- 
typing, however, has in general only con- 
firmed the less scientific observations of 
coaches and trainers who select a man for a 
particular athletic event ‘ by eye.’ Other 
physical methods have been used but 
these are, as yet, somewhat empirical. It 
has been suggested that using a formula 
based on height, weight and heart size it 
may be possible to pick out those indi- 
viduals with high athletic ability, but it is 
unlikely that such formulae will have any 
practical application. It might seem 
hardly worth while for an athlete to prove 
his ability if it were possible for a physi- 
ologist to predict with accuracy the degree 
of his success. At rest, the athlete may 
show signs of increased activity of the 
cardio-inhibitory centre, causing a low, 
irregular pulse. There is one case of a 
world record holder who fainted during 
the course of a medical examination ! It 
seems that the athlete only comes into his 
own when he starts his exercise. 

What are the factors which limit 
athletic performance and how can they 
be affected by training? There is, of 
course, no absolute limit in theory to any 
physical performance, but various physio- 
logical factors cause the margin by which 
records are broken to diminish steadily. 
The nature of these factors depends on the 
particular athletic event. The sprinter 
who is running at nearly 25 m.p.h. or the 
javelin thrower whose arm travels. at 
almost 60 m.p.h. before the release of the 
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missile, are limited by such internal 
factors as muscle viscosity. Such factors 
are innate properties of muscle which can 
be influenced little, if at all, by training. 
The sprinter does not suffer from the 
effects of oxygen lack until afterwards. 
Whether he takes a breath or not during 
the course of a 100 yards race is unim- 
portant because there is insufficient time 
for oxygen to pass from the outside air to 
the muscles. 

In weight lifting, on the other hand, the 
speed of action is at the option of the 
athlete. Sheer force or mass of muscle is 
what. counts and suitable training with 
static exercises can develop it. The discus 
thrower and the shot putter require both 
speed and force and so the type of training 
they must undergo includes both static 
and dynamic exercises. 

The greatest scope for athletic improve- 
ment probably lies in the distance events. 
What prevents an athlete from running 
at a greater speed for a longer time? 
If he has not taken an adequate supply 
of carbohydrate in advance his blood 
sugar concentration may begin to fall. 
In the 1924 Boston Marathon, for ex- 
ample, the winner and runner-up both 
showed normal blood sugar concentra- 
tions but four of the runners who collapsed 
afterwards showed on analysis blood sugar 
concentrations of less than 50 mgm. per 
cent. It is perhaps not surprising that in 
running races over even longer distances 
than the Marathon, when fatigue has set 
in, neuromuscular co-ordination may limit 
the performance. Innate co-ordination of 
a different type provides the limiting 
factor in many field events. There are 
some athletes who, however great their 
strength and spring, could never be taught 
pole-vaulting because they could not 
master the co-ordination of a series of 
intricate movements. 

But the main factor which limits the 
performance of the distance runner is lack 
of oxygen. Since the capacity for oxygen 
uptake can be greatly improved by train- 
ing it may be helpful to consider in more 
detail the way in which different factors 
in the oxygen transport mechanism of the 
body are integrated during exercise. The 
rate of oxygen uptake by the muscles 
themselves increases and is coupled with 


increases in the cardiac output, the speed 


of diffusion of oxygen across the pul. 
monary epithelium and the ventilation 
rate of the lungs. As a result of these 
changes the muscle fibre receives about 
fifty times its resting oxygen supply, 
Some of the factors responsible for the 
increase in ventilation rate may now be 
considered in order to illustrate methods 
which, though at present used to elucidate 
the physiological mechanisms concerned, 
may in the future be applied directly to 
training problems. 

There has been much discussion of the 
rise in ventilation during exercise and the 
part played by oxygen lack and carbon 
dioxide excess in the body in causing it. 
Difficulties arise because it is not prac- 
ticable to measure directly the gas tensions 
in the arterial blood during severe exercise 
and indirect methods must be used. The 
changes in alveolar CO, tension, as 
measured by an automatic and expiratory 
sample, are thought to reflect closely the 
changes in arterial blood tension and it 
has been shown that a rise in arterial CO, 
tension occurs during exercise. This has 
been underestimated by previous sampling 
methods and we have recently sug- 
gested (1) that the rise in alveolar CO, 
should be measured not from the start of 
exercise but from the post-exercise mini- 
mum. This is a lower level following some 
time after the cessation of exercise and is 
caused by the raised temperature and 
accumulation of lactate resulting from 
the exercise. The rise in ‘ effective’ CO, 
stimulus measured in this way is probably 
responsible for a large part of the increase 
in ventilation during exercise. 

Even with this method of measurement 
of alveolar CO, tension, the ventilation 
during breathing high concentrations of 
CO, at rest is considerably below that 
which occurs during exercise. Some have 
thought that reflexes from the limbs might 
be this ‘ missing factor,’ but recent experi- 
ments (2) suggest that arterial anoxaemia 
may be responsible. Four subjects per- 
formed severe standard exercise on a 
‘treadmill,’ while breathing controlled 
mixtures of oxygen and air. In atmos- 
pheric air the subjects gave up the exercise 
from exhaustion after 8 minutes. When 
breathing 33 per cent. oxygen their per- 
formance was much improved while with 
66 per cent. oxygen they appeared able 
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to continue running indefinitely. A fall 
in ventilation rate and a rise in alveolar 
CO, tension occurred when high con- 
centrations of oxygen were breathed. 
This and other evidence suggest that when 
oxygen is added to the inspired air during 
exercise, the chemoreceptor drive caused by 
arterial anoxaemia is removed. An actual 
reduction of the oxygensaturation ofarterial 
blood during exercise was considered un- 
likely by most physiologists until recently. 

Even if there are other weak links in the 
body which prevent a man from running 
faster for a greater time, reduced oxygen 
saturation of the arterial blood seems to 
be the most important primary factor. 
This conclusion can be applied to training 
in two ways. First, the athlete may 
attempt to increase his oxygen uptake by 
training, as an alternative to enriching 
the inspired air with oxygen. It has been 
shown that the trained man is able to take 
up oxygen at a higher rate than the 
untrained man. This enables him to 
keep up severe exercise for a longer time 
before calling upon energy liberated as a 
result of anaerobic mechanisms, which 
are inefficient because they result in the 
liberation of lactic acid. The form of 
training adopted by modern distance 
runners imposes the intermittent stress of 
oxygen lack on the body, allowing time 
for partial recovery between each effort. 
Such training, instead of resulting in 
breakdown, causes an increase in the 
uptake and transport of oxygen in the 
body. ‘The second way in which the 
athlete may apply these conclusions to his 
training is by increasing the efficiency of his 
running and hence reducing his oxygen 
consumption. All unnecessary muscular 
tension of arms, chest and head must be 
replaced as far as possible by controlled 
relaxation. Since the oxygen consumption 
rises considerably with a small increase 
in the speed of running, it is important 
to cover the distance at as even a pace 
as tactical consideration will allow. 

At high altitudes the oxygen saturation in 
aclimber’s blood is reduced in exactly the 
same way as in violent exercise, not 
because the muscles are taking up too 
much oxygen but because the pressure of 
oxygen in the atmospheric air is insuffi- 
cient to oxygenate the blood. The climber 

resorted to breathing oxygen to 
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conquer Everest. The apparatus used at 
present is too cumbersome and inefficient 
to give much help to a runner but it is 
clear that if he were to find a practicable 
way of breathing high concentrations of 
oxygen, no long distance records would 
be beyond his grasp. Whether such help 
is justifiable in what is, after all, a sport, 
belongs more to ethics than to physiology. 

Can oxygen ever have an adverse effect 
on performance? In the experiments 
already described it was found that the 
inhalation of pure oxygen resulted in 
exhaustion in 12 to 21 minutes, whereas 
three of the four subjects, when breathing 
66 per cent. oxygen, had not reached their 
breaking point when they stopped running 
after 23 minutes. Three out of four sub- 
jects claimed a feeling of elation and 
the ability to continue indefinitely when 
breathing 66 per cent. oxygen, while both 
effects were absent when pure oxygen was 
breathed. The reason for this adverse 
effect of pure oxygen is not known, although 
the subjective comments may point to 
a change in cerebral circulation. In any 
case, no oxygen apparatus at present in use 
could give a sufficiently high inspired oxy- 
gen concentration for this difficulty to arise. 

In conclusion it seems that though the 
study of training methods is helpful both 
to the physiologist and the athlete, the 
methods themselves, being dependent on 
more factors than it is possible at present 
to analyse, are likely to remain empirical. 
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Circuir TRAINING 
by 
G. T. ADAMSON 


Over the past two years the Department 
of Physical Education in Leeds University, 
in co-operation with the Department of 
Physiology, has carried out research on 
physical fitness and has designed a form 
of fitness-training called Circuit training. 
Fitness is very difficult to define and 
even more difficult to measure, but 
throughout the history of physical educa- 
tion it has been a consistently accepted 
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objective. The final test of fitness seems 
to be the ability to do the task required 
without undue fatigue. General fitness 
if it exists, has been considered in this 
study to be composed primarily of 
muscular and cardiovascular fitness, and 
the qualities of fitness subject to measure- 
ment and control have been muscular 
strength, muscular endurance, circulo- 
respiratory endurance and power. 

Muscular strength is the capacity of an 
individual to exert single explosive force 
against a resistance, such as a dynamo- 
meter. It increases during the process of 
maturation, but we have found in a con- 
trolled experiment that the all-important 
strength/weight ratio can decrease if the 
fitness-training habits of the individual 
are not simultaneously accompanied by 
controlled strength-training. 

Muscular endurance is local endurance 
based on strength and represents the indi- 
vidual capacity to perform localised move- 
ments at submaximal strength and high 
rate for a long time, that is the capacity 
to do relatively hard localised work 
without accumulating a maximum oxygen 
debt. The number of repetitions of the 
movement indicates the amount of en- 
durance ; as, for example, in chinning a 
bar or sawing wood. 

Circulo-muscular endurance is general 
endurance, depending more on cardiac 
condition and the efficiency of the respir- 
atory-circulatory mechanisms than skele- 
tal muscular strength. It represents the 
individual capacity to continue submaxi- 
mal contractions of a number of muscle 
groups, with sufficient intensity to make 
demands on the functions of respiration 
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and circulation. This kind of endurance 
enables an individual to run at relatively 
high speeds or work at near maximum 
capacity for long periods without undue 
exhaustion. It is likely that good ‘ milers’ 
can circulate blood two to three times 
faster than non-athletes. Tests are usually 
based on cycle ergometer pedalling, box 
stepping or treadmill running. 

What is often referred to as ‘ power’ 
depends on skeletal muscular strength 
and speed of muscular contraction, and 
represents the individual capacity to 
perform sudden movements with maxi- 
mum effort. The best test of the ability to 
develop power is the Sargent Jump, 
which fairly accurately measures the 
maximum vertical height through which 
an individual can project his centre of 
gravity by jumping off both feet. 

A comparison between champion ath- 
letes and the average individual in the 
performance of tests designed to estimate 
these four qualities of physical fitness is 
shown in the table below. 

The overload principle appears to 
supply the answer to the problem of con- 
trol of the above qualities. Overload for 
strength and power, either by imposition 
of progressively greater loads or higher 
work rate, produces increase in muscular 
strength by hypertrophy of all the indi- 
vidual fibres. As a result of this increase 
in strength the fewer motor units required 
for a given load may be alternated for a 
longer time, thus increasing muscular 
endurance. Specific overload for muscular 
endurance, for example progressive prac- 
tice of ‘sit-ups,’ is effective mainly 
through the improved blood supply to the 


MuscuLaR 
STRENGTH 


Type or FITNeEss 


CrIRCULO- 
RESPIRATORY 
ENDURANCE 


MuscuLarR 
PowER 


MuscuLaR 
ENDURANCE 


Strength| 


Test weight 


Chins’ 


Vertical 
jump in 
inches 


5 min. step 
test 


Dips’ 


ratio. 

Champion : 
Gymnasts . 8.6 
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muscle. Overload of large muscle activi- 
ties such as exercises involving severe 
leg work, in addition to increasing the 
strength and muscular endurance of those 
muscles concerned, induces hypertrophy 
and increased capillarisation of cardiac 
and peripheral muscle, thereby increasing 
circulo-respiratory endurance. 

Circuit training based on the overload 
principle is designed to develop the four 
aforementioned qualities. The well-known 
and easily performed exercises provide 
strong developmental work for arms, legs, 
trunk and also general stamina training. 
They are arranged in the form of a circuit 
round the gymnasium so that quite a large 
group of performers can be accommodated 
atone time. The activities are so arranged 
that the performer can progress round the 
circuit without undue local fatigue. They 
are such as allow of a fairly accurate 
assessment of the amount of work done. 
Each individual’s maximum performance 
at each activity is ascertained by a pre- 
liminary test and his training rate is fixed 
at a certain proportion of this maximum : 
one half or one third, according to indi- 
vidual condition. The performer laps the 
circuit, keeping strictly to his prescribed 
rate. He works for half an hour, and the 
eventual objective is to lap the circuit 
three times in the half hour. Periodically, 
the individual’s maximum performances 
are re-measured and his training rate 
altered accordingly. 

The following table shows the per- 
centage increase over the initial value in 
the various tests. 


II 
INCREASES OF MEANS 
(As per cent. of initial values) 
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This training, on what might be called 
sub-maximal overload, has proved popular 
with students and has produced consider- 
able increases in fitness levels. 


MopERN APPROACH TO DISTANCE 
RUNNING 


by 
G. H. G. Dyson 


THE training aims of the distance runner 
from the physiological point of view are 
three-fold. First, he must diminish his 
oxygen requirements for a given exercise 
by running with an economical style and 
at as even a pace as possible ; secondly, he 
must increase his oxygen intake as a result 
of improving both volume and rate of 
the heart beat and by ensuring (mainly 
through lack of tension) an adequate 
return of blood to the heart ; and thirdly, 
he must adapt his body to higher concen- 
trations of lactic acid. 

In the world of track and field athletics 
we differentiate between running ‘ tech- 
nique’ and ‘style.’ The technique of 
running is in conformity with certain 
mechanical principles and it concerns 
essential movement as opposed to the 
physical peculiarities and mannerisms of a 
runner’s style. Thus half a dozen runners 
may each have excellent technique and 
yet so stamp their movements with the 
marks of individuality that an uninitiated 


onlooker might think they were running 


in six different ways. Zatopek’s running 
in the 1948 Olympic Games is a case in 
point ; a majority of the spectators and 
press reporters were seeing the great 
Czech athlete for the first time and were 
so concerned with the agonised expres- 
sions on his face and the way he rolled 
his head from side to side that they 
assumed that his running action was a 
poor one. Actually Zatopek’s running 
technique is ruthlessly efficient ; it stands 
up well to the critical analysis of the slow 
motion camera and, indeed, if it were not 
so he could not run as he does. 

Two distinct methods are used by 
modern distance runners to increase their 
oxygen intake and to adapt themselves 
to greater concentrations of lactic acid : 
one the Fartlek (a Swedish word for 
‘speed-play’) and used by Gundar 
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Haegg of Sweden, and the other Interval 
Running, used by Emil Zatopek of 
Czechoslovakia. 

Haegg who holds the world record for 
the mile, is a product of the Swedish 
countryside and carried out most of his 
training in the woods, by the lakes and up 
and down the hills which surrounded his 
home. He never trained on a track 
because he felt that it was a monotonous 
form of training likely to lead to staleness. 
He thought, also, that continuous practice 
on the cinders developed a hard type of 
muscle unsuited to distance running. 
Haegg maintained that by going to a track 
only to race he was more inspired by the 
occasion. He disliked formality in train- 
ing and set himself no pre-arranged 
running exercises or timed distances. He 
relied entirely on how he felt from day 
to day. He was naturally supple and 
believed that earlier work on the farm had 
given him a good physical background 
requiring no gymnastic exercises. 

This great Swedish athlete trained in all 
weathers and frequently ‘ punished’ him- 
self, but although he was often tired after 
an outing he knew that all was well if 
the next morning he was eager to run 
again. In the winter, when the snow lay 
thick upon the ground, he would train 
five or six times a week along ski trails. 
Starting with walks and slow runs he 
covered never less than three miles a day, 
building up over the weeks to run through 
deep snow which often severely taxed 
him. Later, when the snow had disap- 
peared, he began the speeding-up period, 
running over the soft pine needles which 
cover the floors of the Swedish forests. 
At this stage of training he would begin 
by running six miles easily and then, 
after a week or two, would introduce fast 
stretches of 200 to 800 yards, gradually 
lengthening the spurts and shortening the 
easy running periods as he felt he was 
* getting fitter. When the athletic season 
began he raced only when he really felt 
ready and at first against easy opposition 
and over short (1,500 metre) distances. 
From here on he trained lightly, relying 
on frequent competitions to keep him in 
good trim. In 1942 he raced thirty-four 
times in fourteen weeks, breaking ten 
world records in that time. 

Emil Zatopek is the holder of man 


world records and is the only man in 
history to win the 5,000 metre, 10,000 
metre and Marathon events (each in 
record time) in one Olympic Games. He, 
like Haegg, was born in the country and 
spent his childhood and much of his 
youth on a farm. However, for most of 
his time as an athlete he has been a town 
dweller. Running as well as ever, he is 
now a physical training officer in the 
Czech army, living in a Prague flat. Like 
the Swedish runner, he trains every day 
and in all weathers and is in fact never 
out of training. He bases his preparation 
on a mixture of fast and slow running all 
the year round. In the winter either in 
the Sokol riding school in Prague or along 
the roads, wearing a track suit and heavy 
army boots. But the bulk of his training 
each year takes place on the track and 
consists of slow and fast running. He 
gradually increases his daily schedule to a 
mixture of as much as six miles of slow 
running and twelve miles of fast. Before 
one important competition two seasons 
ago he was known to run sixty 400 metre 
fast laps (with 200 metre bursts at the 
beginning and end of the workout) every 
afternoon for the ten days immediately 
before the race. As he cheerfully keeps 
up this sort of thing all the year round 
monotony seems to hold no terrors for 
him. He does not compete as often as 
Haegg, but keeps on with his training 
right up to the day of the competition, 
and continuing with it the day after. 

I have spoken of two different ap- 
proaches to training for distance running 
but you will notice they have much in 
common. There is a theme which runs 
through the preparation of both Haegg 
and Zatopek and it is one which is found 
in the training programme of any first- 
rate distance runner. There are in fact 
basic principles of training and they may 
be summarised as follows : 

(1) Function determines structure and a 
tremendous amount of running is neces- 
sary for the gradual building up of the 
runner. 

(2) Fast and slow work must be mixed in 
order to improve the ability to work 
under maximum concentration of lactic 
acid and with high oxygen debt. 

(3) The distance runner must be strong: 
his whole body must be in good condition. 
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(4) There must be ‘ overloading ’ in training 
as strength and endurance only improve 
when he trains with greater intensity and 
for longer duration. 

(5) A certain callousness towards fatigue 
must be developed. ‘The great distance 
runner can run himself out, if need be, 
to a far greater degree than the average 
athlete. These men learn that to feel 
tired is not to be tired. They can drive 
themselves beyond the psychological limit, 
whereas the novice slows down or stops. 

(6) A runner must cultivate a knowledge of 
pace and tactical sense. These are interde- 
pendent and without a knowledge of pace 
(best learnt in training) and a tactical 
sense (which can only be acquired in 
competition) a distance runner will fail 
to run with an even distribution of effort. 
It is worth noting that neither Haegg nor 
Zatopek had any special training of pace 
and judgment. 

7. There must be proper balance between 
training and competition. A runner cannot 
train a lot and race a lot. 

8. A sound training and racing programme 
develops self-confidence. It makes the athlete 
aware of his real potentialities and gives 
him a familiarity with and a healthy con- 
tempt of the distance to be run. 

9. Nutrition and rest are important 
although athletes have excelled in these 
events on a wide variety of diets. 

10. The distance runner must love to run 
and running must be an important part 
of his life. It is by no means unusual for 
these athletes to put in as much as a 
hundred miles of training each week for 
months on end, and to fit this into their 
normal family, social and _ professional 
lives. Indeed, Pindar’s words in the 11th 
Olympian Ode are as true of the distance 
runners of to-day as they were of the 
Greek athletes he had in mind : ‘ Without 
toil there have triumphed a very few.’ 


Tue ATTAINMENT AND MAINTENANCE OF 
FITNEss IN THE RACING GREYHOUND 


by 
J. K. Bateman 
(Read by Prof. E. C. Amoroso) 


THE attainment of fitness in the grey- 
hound really starts before birth when the 
health and living conditions of the dam 
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must be carefully controlled. Exercise 
and an ample balanced diet are essential. 
Whelping as a rule is easy and the litters 
average about five or six, each puppy 
weighing about 1 pound at birth. The 
kennel must be kept free from draughts 
and at a temperature of about 65° F. The 
puppies require no special care during 
this period, except sometimes protection 
from their dams, and they grow at a rate 
of about 2 ounces a day. At the end of 
three and a half weeks, almost as regularly 
as clockwork, they make for the door of 
the whelping bay. Progress is then rapid 
and they should be allowed a run of about 
20 feet. Weaning comes at about four 
weeks when they are fed on a mixed diet 
plus calcium lactate and cod liver oil. 
At five to six weeks they are treated for 
round worms and vaccinated against 
leptospiral jaundice. At ten weeks they 
are removed to the rearing area, that is, to 
country cottage, farm or large penned-in 
field and here they remain for the next 
year merely growing, feeding and exercis- 
ing. Anyone who wants to rear a grey- 
hound puppy well must believe in freedom, 
exercise and ample food as the basis of his 
work. As in all animals it should be borne 
in mind that the spring or late winter 
puppy does best as it meets the rougher 
conditions of the country while the 
weather is warming up and is nine to 
twelve months old before the winter. 

At about twelve to fifteen months the 
puppy, now called a sapling, is brought 
into a kennel. He dislikes the confined 
conditions and the restriction of a lead 
and collar but he will quickly settle down 
and his training can begin. The training 
consists of gallops of increasing length in 
company with older and more experienced 
animals of both sexes. The progress of 
regular work is continued on a progressive 
scale until he is taken to a track. In the 
early stages he tends to gallop awkwardly 
on the bends and it is not unusual for him 
to injure himself because of this awkward- 
ness. If track leg develops it is prudent 
to arrest his training on the track until 
he is made so fit by galloping on a straight 
course that he will be able to take bends 
in a collected fashion. From now on, if he 
is a genuine dog (and there are sham grey- 
hounds in the sense that they will either 
not chase at all, cease to chase owing to 
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lack of interest or display an innate 
tendency to fight) he will rapidly improve 
both in pace and track craft and will 
gradually learn to leave the starting box 
at speed and develop a sense of judgment 
and determination. 

When training is completed a fit dog is 
generally raced three times in two weeks 
over a distance of 525 yards, followed in 
the third week by a race of 725 yards. 
Most racing dogs run on the flat but there 
are some which have a marked ability 
for hurdling. These tend to be rather 
coarser framed but there are noticeable 
exceptions. Accidents may occur in both 
flat racing and hurdling dogs and it is a 
fact that the dog which tries hardest will 
meet the most serious accidents. He suffers 
little frustration and may break a leg 
when he makes for an opening. 

Greyhounds, like other athletes, go stale 
if over raced and have to be carefully 
watched. Some dogs will run until they 
are seven years old, getting only a month 
or six weeks rest in the year, but they are 
at their fastest between the second and 
third year. No dog conserves his energy 
during a race and stop watch readings 
show that a really fast dog will complete 
525 yards at an average speed of 37 miles 
per hour, with a speed of over 40 miles per 
hour for the first part of the course. 
Comparison of the speed of the greyhound 
with man, horse and even the speedway 
rider prove that over a short distance 
the greyhound moves faster than any. 

The routine of kennel life is well-ordered 
and consists of gentle exercise and meals 
at regular hours. Throughout its life the 
greyhound must be fed on a good mixed 
diet which in the racing period should 
contain a good proportion of protein in 
the form of meat or coarse fish. The food 
is fed in the sloppy state and at no time 
should the bowel content become hard as 
sometimes happens with ordinary dogs. 
The greyhound’s fitness and the type of 
food which he consumes ensure that his 
abdomen will always be nicely tucked 
up when he is ready to race. Dogs which 
race regularly twice a week require no 
galloping other than the races but those 
that are not called upon for programmes 
will be galloped twice or three times a 
week over a distance of up to 300 yards. 
It should be stressed that dogs needed for 


track racing are never sent on long dis- 
tance walks on roads as are coursing dogs 
whose training is especially directed 
towards staying power. 

No paper would be complete without 
some reference to the habits and fallibili- 
ties of the bitch. The greyhound bitch 
comes in season at any time after about 
thirteen months. Some may be earlier 
and others again have been known not to 
come in season until two years old. One 
noteworthy case was the bitch ‘ Greta 
Ranee,’ which was whelped in May 1933 
and won the Greyhound Derby in late 
June 1935, before coming into season, 
Because of her seasonal fallibilities a 
bitch is often put into training earlier than 
her litter brothers. She matures more 
quickly than the dogs and because of her 
lighter weight she gets into her stride 
quickly when on the track. Tenacity is 
also characteristic of the greyhound bitch. 
It is generally considered that the bitch 
at the point of coming into season is at 
the peak of her form and will run at her 
fastest at about this time. Experiments 
which have been tried in the early weeks 
of season have shown that all form seems 
to have been lost ; there is no alternative 
to rest and paddock exercise until the 
minimum of eight weeks has passed. 


PRACTICAL ASPECTS OF TRAINING 
THOROUGHBRED Horses FOR FLAT 
RAcING 


by 
L. Jarvis 
(Read by Wm. C. Miller) 


THE training of thoroughbred horses for 
racing has altered little over the last half- 
century: proof of this is that the old 
families of trainers who carry on the 
methods of their forbears are still the 
leading trainers. The horses come into 
the trainer’s hands as yearlings, at about 
eighteen months of age. Many are the 
property of, and raced by, their breeders ; 
others are purchased at public auctions 
and it is thus that a trainer can lay the 
foundation of a successful stable. If buying 
for an owner who wishes to race on the best 
lines, that is to say, who wishes to run his 
horses in the classic and big races without 
any thought of betting and with a view 
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to their stud value after their racing career 
is over, a knowledge of the pedigree and 
conformation of the young stock is essential. 

In the pedigree the sire should have 
proved himself able to get winners, or, 
if newly at stud, should have been a good 
racehorse and the owner himself of a 
classic pedigree. The dam need not 
necessarily have been a great racemare 
herself but should have shown she was 
capable of winning races and have 
already produced something which could 
race. The most important point is that 
she should come from a family descended 
from a classic winner. The bottom line 
(the female line) of the pedigree is the im- 
portant one as, almost without exception, 
the winners of the classic races trace back 
on the bottom line of their pedigree to 
some great racemare. 

Training of the yearling begins in about 
September. Breaking in takes about a 
fortnight and by the winter he should be 
able to canter about half a mile. During 
the winter he is kept to steady cantering 
and trotting exercises and is fed on as 
much hay as he can eat but on a reduced 
corn ration. 

Flat racing takes place from the middle 
of March to the middle of November. 
Early in February steady cantering exer- 
cise over about five furlongs should begin 
and after about a fortnight this should be 
increased according to the distance each 
animal is likely to run. Care should be 
taken never to run a horse at top speed 
until he is ready for it. The main objec- 
tive of training is to build up the muscles 
of propulsion so that at the time the horse 
enters a race these muscles are at the peak 
of their efficiency. Ifthe training has been 
properly carried out the power of the heart 
and blood vessels will have been so in- 
creased that the circulation of the blood 
is at its best and the action of the lungs 
so improved that the blood can be sup- 
plied with its full oxygen requirement. 
The whole process depends on regular 
and balanced exercise so that improve- 
ment in tone of the whole body is pro- 
gressive. A severe gallop before a horse 
is ready for it can do irreparable harm and 
may—especially in young horses—cause 
‘athlete’s heart’ (that is, a dilated con- 
dition of the heart). 

A horse spends the greater part of his 
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time in his stable and it is here that much 
is achieved which is of importance to his 
well-being. His box should be kept clean 
and well ventilated and he must be well 
groomed after exercise and again in the 
evening, before feeding him and shutting 
him up for the night. The feeding of a 
horse is most important when in full 
training and the more he eats the better. 
The hay and corn must be carefully 
selected and feeds should be given three 
times a day ; morning, mid-day and the 
principal meal in the evening. 

The selection of and entering for the 
races which a horse will run devolves on 
the trainer. A horse is entered for most 
of the important races from two to three 
years before they take place. It follows 
that in making entries for races which are 
of varying distances one must have a know- 
ledge of the pedigrees which are most 
likely to produce the animal able to win 
the particular race for which he is entered. 
Certain families and sires produce a 
majority of stayers; others sprinters ; 
and much money can be wasted by enter- 
ing a foal or yearling for, say, the Derby 
if it has a sprinting pedigree. To win the 
Derby is the ambition of most owners, and 
the mating of most of the mares is directed 
therefore to producing a foal which will 
stay one-and-a-half miles and at the same 
time have a certain amount of speed. 
There are also owners, principally those 
who go in for betting, who like the early 
maturing sprinting type, which can be 
raced earlier. It follows, therefore, that 
many foals are bred from sprinting and 
middle-distance families. A lot has been 
written in the press in the last few years 
about the French breeding better stayers 
than we do. The reason is not hard to 
find : in France their principal race, the 
Grand Prix de Paris, is just short of two 
miles and they have hardly any races of 
less than one mile; they concentrate, 
therefore, on breeding stayers only, 
whereas we go in for breeding animals for 
all distances. 

Trainers vary in their methods of pre- 
paring a horse on the day of the race. 
Many give them a short ‘ pipe-opener ’ 
in the early morning but, except in the 
case of a gross feeder, I seldom do. The 
horse is walked in the morning for about 
an hour, then groomed and his shoes 
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changed for aluminium ones which weigh 
only a few ounces : an extra ounce on the 
feet is equal to several pounds on the back. 
He is given a light feed and left quiet until 
about two hours before the race. He is then 
groomed and unless he is highly strung 
and excitable, is led about for about an 
hour before the race. Finally he is 
inspected by the trainer to see if he is 
properly saddled and bridled. 

When it comes to matters of health 
most trainers are capable of dealing 


with minor troubles but the veterinary ~ 


surgeon should be called in when in 
doubt. Trainers are becoming worried by 
modern methods of farming, for kiln 
drying of oats, spraying of the fields and 
the baling of hay on the field can all give 
rise to digestive and other troubles which 
demand the vetinary surgeon’s help. 

Training is an art, and will remain an 
art, not subject to precise definition or 
hard facts and formulae. It means know- 
ing your horse, treating him like a human 
being and having common sense. Con- 
stant attention to detail, recognising 
differences between individual animals 
and allowing for, or correcting, their 
peculiarities, an infinite amount of patience 
and a gradual building up of experience are 
all necessary for success. While it is desirable 
to take all advantage of any knowledge 
of health and ‘disease which science can 
provide, it must be emphasised that it will 
never be possible to train horses satis- 
factorily by rule of thumb methods. 
Thoroughbreds are ‘ individuals’ with 
great differences of temperament, and 
methods of training must allow for this 
variability. 


Addendum 


Mr. MILLER said he would like to add some 
comments to Mr. Farvis’s paper. 


He drew attention to certain important 
differences between human and equine 
athletics. In man, the athlete knew why 
he was performing and would always do 
his psychological and physiological best to 
win, or to equal or break a record. The 
noise and excitement of the crowds would 
affect the individual but little, and in any 
case would be understood. The human 
performer was stripped to a minimum. 

The racehorse, on the other hand, did 
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what was asked of it, but did not neces- 
sarily always perform at its maximum. 
The object was competitive—to beat the 
others—but not to break a time record, 
The horse had to carry up to about 10 per 
cent. of its body weight as jockey, saddle, 
bridle, etc., and had to have a tight girth 
around the chest and a bit in the mouth, 
both of which might to some extent 
impede freedom of movement and impair 
respiration, especially in a long race. For 
comparison, one could expect a consider- 
able lowering in performance if a human 
mile runner had to carry a 12 or 14 lb. 
weight on his back and a strap round his 
chest. The neuro-muscular effort neces- 
sary for a racehorse to win a 2}-mile race 
was consequently relatively greater in the 
horse than in man, and the test more 
severe. The psychological and physio- 
logical influences were likely to be more 
disturbing in the horse: cheering of 
crowds might act as a stimulus to greater 
effort or as an alarming experience which 
might make a young or nervous animal 
frightened, erratic in racing and less fast 
than otherwise. Sexual disturbances in 
females (oestrus) and less so in colts, often 
upset the form and led to disappointing 
running. The animal’s neuro-muscular 
system was temporarily at the mercy of its 
emotions, uncontrolled and without a 
sufficient degree of self-discipline to over- 
come them. Finally, the racehorse had to 
obey its jockey, and these individuals 
varied greatly. In spite of all these points, 
the majority of racehorses definitely 
appear to enjoy racing and galloping. 

From a more fundamental viewpoint, 
it should also be borne in mind that the 
modern racehorse had been bred to race. 
For a very large number of generations, 
thoroughbreds had been selected through 
the ruthless sieve of performance. The use- 
less or inferior animals were not used for 
further breeding, and among the Classic 
winners the influence of ancestral selection 
could be noted by a study of their pedigree 
and performances. This had not yet 
happened in the human field of athletic 
endeavour. 

Mr. Miller said in conclusion that the 
claim could quite legitimately be made 
that the modern racehorse represented 
the absolute peak of the art and craft of 
animal production and the acme of the 
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art of the animal breeder, by whatever 
standards these might be measured. 


TRAINING PROFESSIONAL FOOTBALLERS 
by 
Jj. Lynas 

I’m afraid that after the weird and wonder- 
ful things you have been hearing about 
this week this paper will seem rather 
commonplace. However, to us in the 
football game, football is just as wonderful 
and very often just as weird. This talk is 
unusual for it is a subject that is talked 
about very little, and what is probably 
more unusual, is rarely written about. 
Any trainer’s methods are the direct 
result of years of experience and we all 
have our own pet theories about what is 
and what isn’t the right thing to do with 
players to get them fit, and to keep them 
fit. When trainers get together methods 
of training are the last thing that are dis- 
cussed. The Football Association, through 
Mr. Winterbottom, tried hard to organise 
discussions on methods in the annual 
courses but they bore little fruit. They can 
best be summed up in the words of a friend 
of mine who said that he came along to 
keep his ears open and his mouth shut. 
Unfortunately for him we were all there 
with the self-same idea. I am not referring 
to the courses organised by the Football 
Association for the treatment of injury ; 
these are excellent and, I am certain, are 
doing a vast amount of good for the 
players and the game _ in general. In the 
medical profession when anything new is 
discovered it is immediately published in 
the medical journals; not so in the football 
world. Leagues and cups have to be won, 
promotion gained and relegation avoided, 
so that if a club can turn its team out even 
just that little bit fitter than its opponents, 
then of course to advertise its methods 
would be throwing away what is perhaps 
its only advantage. 

There has been little change in the 
methods adopted in this country since 
before the war, except perhaps for more ball 
practice. Personally I am all for this 
change provided that ball practice does 
not take the place of hard training ; and 
make no mistake, to get really fit to play 
football professionally in the top class 
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entails a lot of hard, even monotonous 
work. I can remember when it was quite 
common for players to train for a week 
and not have sight of a ball from one 
match to another; the theory advanced for 
this was that they would become ‘ hungry ’ 
for the ball and would chase it on the 
Saturday until they dropped for the kick 
of it. 

Most clubs insist on a full month’s 
training before the season starts. The first 
week is generally given over to steady 
lapping and half-speed running of the 
length of the pitch until the trainer is 
satisfied that the stamina of the men is 
fairly good. Every session is finished with 
various exercises either on the field or in 
the gymnasium. During the second week 
road work is introduced and is usually 
welcomed by the players as a break from 
the monotony of lapping. There is a 
gradual build-up of speed until, after eight 
or nine days, our favourite game of 
‘ Tippy-tappy ’ is introduced. This con- 
sists of an abbreviated game of seven or 
eight a side which gives a lot of hard work 
and is a valuable means of teaching young 
players positional play. Hereabouts, 
medicine ball is worth while : particularly 
for those players whose waistline is more 
prominent than it was at the end of last 
season. By the end of the second week we 
usually have our first private practice 
match, and to my mind matches are by 
far the most important factor in the pre- 
season training. 

By the third week we begin to use 
spiked shoes in order to get that tone in the 
posterior hamstring muscles so essential 
to any athlete to whom speed is important. 
There is, I know, the risk of pulled and 
strained muscles but I believe the risk is 
worth while, for a certain amount of 
stretch in the hamstrings and _ rectus 
femoris muscles is essential for speed. If 
you picture the number of people you 
know who are fast on the track or if you 
look closely at the characteristic walk of 
players like Stan Matthews, Stan Mor- 
tensen, Jackie Milburn, Tom Finney and 
a host of others I could mention, they all 
have at least one thing in common, that 
slightly flexed knee which almost gives the 
impression of slouching when they are 
walking, but which you will probably 

agree is the ideal position for a quick 
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getaway. Pulled muscles are the bug-bear 
of this type of athlete but they can be 
prevented by constant stretching or by 
doing particular exercises. 

Perhaps one of the greatest problems 
confronting the trainer of a football team 
is keeping it fit for nine months of the year. 
The racehorse trainer usually has a par- 
ticular date in view, so he can regulate 
his training in order to get one peak per- 
formance out of his charge. We have to 
try to keep players at the peak for nine 
months of the year and, what is more, to 
act in all kinds of conditions of the field. 
Another problem for the trainer is stale- 
ness. This usually develops in the New 
Year when players have had a surfeit of 
football. It is a real problem and I am 
convinced that when a player has lost his 
zest for the game, for surely that is stale- 
ness, the wisest thing to do is to let him 
have a complete change of surroundings 
and a total rest from football. Before a 
cup competition I am in favour of a few 
days change of air and surroundings but 
not in the week of the special match. Our 
experience is that in their anxiety to build 
the players up for a tremendous effort, the 
hotel people usually overfeed them with 
the result that instead of the team being 
on their toes they give a sluggish per- 
formance. 

People often ask me do our players 
smoke and do I consider it does them any 
harm? While I do not think that smoking 
in moderation will do players any great 
harm, and by moderation I mean five or 
six cigarettes a day, I do not think it does 
them any good. In my own playing days 
I experimented with smoking and I found 
that even in moderation it affected me for 
the first ten minutes or so of the game until 
I got my second wind. As a matter of 


interest, eight of the Blackpool team that 
won the cup last year are non-smokers. 

To my mind the psychological factor 
plays an important part in the winning 
of matches. One occasionally reads in the 
sporting press that such and such a team 
lasted the game better than their op- 
ponents for the simple reason that they 
won the game in the second half, and 
inferring that one team was fitter than the 
other. I do not think this is always right, 
There is always a turning point in an 
evenly contested game, and that point is 
usually a goal or a missed goal, and I do 
not think it has anything to do with 
training at all, it is just the psychological 
factor of getting a goal at the right time. 

In conclusion I would like to say what 
I think is the finest feeling in the world. 
To walk along the street as though you 
were walking on air ; to look at a bus or 
tramcar dashing past and to know that if 
you really wanted you could run after it 
and catch it ; to look at the garden gate 
and feel that you could just as easily jump 
over it as to open it and walk in; to go 
home and eat a good meal without asking 
or worrying what it is going to be, know- 
ing that with your appetite you are bound 
to enjoy it and to go to bed and sleep 
soundly and dreamlessly, as only a really 
fit person can: that, I believe, is some- 
thing the average man has never known. 
But it is, I think, the finest feeling in the 
world. 


Addendum 


The remaining invited contribution to 
the symposium was given by Mr. J. Egan 
the text of whose paper on ‘ The general 
fitness of Rugby League players ’ was not, 
however, available at the time of going to 
press. 
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SOCIETY AND THE CALCULATING MACHINE 


Sub-Section A* (Mathematics), at the Liverpool Meeting, devoted a session on the 
morning of Monday, September 7, to ways in which the community benefits from 
mathematical techniques. Prof. L. Rosenhead, F.R.S., Department of Applied 
Mathematics, University of Liverpool, discussed the needs satisfied by modern calculat- 
ing machines. Two other members of the Department also delivered papers. Dr. A. 
Fletcher considered the need for mathematical tables, and their future in the light of 
automatic computers. Mr. A. Young reviewed the use of punched cards in science 


and administration. 


The papers appear below in the order in which they were given. 


SOCIETY AND THE CALCULATING 
MACHINE 


by 
Pror. L. ROSENHEAD, F.R.S. 


I. INTRODUCTION 


Our understanding of the nature of 
matter has deepened rapidly within the 
last sixty years, and our insight in this 
sphere of knowledge has been verified 
in spectacular manner by the production 
of new terrifying weapons of war. The 
phenomenon of nuclear fission casts its 
shadow over the world, and at the same 
time offers tantalising prospects of a much 
desired increase in industrial power. 
Within a short time the consequences of 
a few laboratory experiments have created 
profound changes in thinking, in the 
spheres of politics, warfare, and certain 
aspects of industry. 

But another revolution, less spectacular 
in its manifestations, has also taken place ; 
it is due to the invention of modern cal- 
culating machines and their introduction 
into science and administration. The 
splitting of the atom may have introduced 
new points of view into certain specialised 
aspects of our thought and industry, but 
the calculating machine, if properly used, 
will breathe new life into many more 
branches of science and administration. 
This revolution is already upon us, and 
its effects upon society are quietly be- 
ginning to appear. But the significance of 
what is happening should not be over- 


looked. We are perhaps at the threshold 
of a new era of science in connection with 
which the invention of the modern 
calculating machine may be as important 
to the world as was that of the Hindu- 
Arabic numerals to the Middle Ages. 

In recent years newspapers have con- 
tained references to artefacts referred to 
by such unusual names as ‘ mechanical 
brains,’ ‘ electronic brains,’ ‘ fully-auto- 
matic electronic digital computing 
machines,’ ‘ punched-card systems,’ and 
the like. We have been told that these 
machines ‘ think,’ ‘ calculate,’ ‘ use judg- 
ment,’ ‘play games,’ etc. The general 
reaction has been one of surprise and 
incredulity, and deep hidden irrational 
fears have stirred uneasily. To most 
people these devices seem to have appeared 
out of the blue, but in fact much time has 
elapsed since the machines were first 
thought of; what is happening is that 
we are now starting to see the results of a 
great deal of careful thought and investi- 
gation, and it is the object of these notes 
to describe some facets of the ideas and the 
events which have preceded these news- 
paper announcements. 

The engineering aspects of the machines, 
as well as indications of their known 
powers, have been described fully in the 
scientific and engineering press ; the ob- 
ject of the present discussion is to supple- 
ment these accounts by comments of a 
more general nature. From the outset it 
must be emphasised that these computers 
are the product of the joint skills of the 
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mathematician, the engineer and the 
inventor ; secondly, the machines contain 
no principles previously unknown ;_ they 
do, however, embody the elaboration 
and the refinement of known techniques. 
It may also be mentioned that there are, 
in Great Britain at the present time, 
only about twenty electronic calculating 
machines. It is understood that about 
ten of these are in working order and that 
on some of them a great deal of valuable 
work is being done: the remaining ten 
are in various stages of development. In 
America, however, about fifteen are in 
almost constant use, and about one hundred 
and fifty are under development. This may 
give a measure of the relative intensity of 
effort in this field in the two countries. 

It is also worthy of note that the value 
of numerical methods in the development 
of science has been fully appreciated by 
UNESCO, and that an international 
centre for spreading this appreciation is to 
be set up in Rome for that very purpose. 
In other European countries projects for 
developing and applying electric and 
electronic calculating machines are well 
under way. In Germany two machines 
are working and four more are under 
development. In Australia, Canada, 
France, Holland, Italy, Norway, South 
Africa, Sweden and Switzerland, people 
are turning towards, and are working on, 
those new developments. 


II. Soctat NEEps 


Many people have asked ‘ What are 
these machines ?’, ‘ Why were they ever 
invented ?’, ‘Who wanted them? ’, but 
no fully satisfactory answer seems to have 
been given—perhaps because the answer 
is not simple. Undoubtedly some com- 
mercial interests have exercised great 
pressure in the direction of increasing the 
speed with which computation can be 
carried out, because far more arithmetic 
is done every day for the purpose of 
business and commerce than is done in all 
the scientific and mathematical labora- 
tories of the wold, but indications can also 
be brought forward to show that speed in 
computation is a necessity not only in 
commerce but also in the interests of 
scientific development, national needs and 
national preparedness ; it has become a 
real need—or rather, once it has been 


shown that great speed in computation is 
possible, the need for it has crystallised 
rapidly. 

There is a stage in the development of 
every society when the need to be able to 
compute with great speed becomes im- 
portant in large-scale commerce and in 
planning. People in Great Britain would 
not be able to plan on a national scale, 
with any semblance of precision, for 
national health, national insurance, build- 
ing, defence, etc., if they were unable to 
assemble their records in convenient form, 
and analyse them with accuracy and speed. 
Speed is essential, for otherwise the ad- 
ministrative machine quickly becomes 
clogged. This is particularly true in times 
of war. But, speaking generally, the need 
for speed in computation is a social 
matter and depends upon the scientific 
atmosphere of the times. To meet that 
need two types of people are required. 
There must be the creators, the men of 
brilliant individualistic ideas, and there 
must also be the men who appreciate the 
ideas and apply them. There is evidence 
to show that brilliant ideas are not the 
prerogative of any one nation or group 
of nations ; the history of science is full 
of examples in which the same idea seems 
to germinate almost simultaneously in 
the minds of scientists in different parts 
of the world. But there is this difference— 
in some countries the ideas appear at a 
time when there are no people in positions 
of responsibility who are prepared for 
them, so that the ideas wither. In others 
they fall into the minds of individuals who 
are ready for them, and these are the 
people who are responsible for the de- 
velopments which later become evident. 
The existence of such individuals in any 
society, especially those people in the 
second category, is an index of the mental 
health, and of the social needs, of that 
society. 


III. HisroricAu 


Articles on computing machines usually 
contain many technical terms, but in the 
present one the writer has attempted to 
introduce as few as possible. The unavoid- 
able ones are :— 

(i) An electronic machine: until recently 
it would have been correct to describe 
such a machine as one in which electronic 
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valves are used. In the light of modern 
developments, however, it is more accurate 
to describe it as one in which electricity 
is conducted through either an evacuated 
space or a gas or a semi-conductor. 

(ii) A computer: usage is confused in 
connection with this word. It should 
mean ‘a person who computes,’ but it 
is frequently used to mean ‘ a machine on 
which computations are made.’ The 
correct word to denote a computing 
machine, ‘ computor,’ is also sometimes 
used ! 

(iii) An analogue machine: one in which 
the numbers are represented by physical 
quantities, for example—electric currents, 
of which the numbers themselves are the 
measures. Operations are carried out on 
the physical quantities in such a way as to 
reproduce the desired numerical com- 
putations. 

(iv) A digital machine: one in which 
the numbers are stored in the machine 
and are represented by discrete objects, 
such as the teeth of a gear wheel. 

(v) A programme: a set of instructions 
formulated in a way appropriate to the 
design of the machine ; holes punched 
in tape is one possible form in which the 
instructions may be prepared. 

(vi) An automatic machine is one which, 
once the initial instructions have been 
given in suitable form, carries out several 
steps of the computation without human 
intervention, even perhaps giving the 
impression that it is exercising a form 
of judgment. Such machines are some- 
times called ‘ programme-controlled ’ or 
*sequence-controlled.’ A ‘ fully-automa- 
tic’ machine is one which carries out 
all the steps of the computation in the 
manner indicated above. 

The idea of automatic computation by 
machinery seems to have occurred first 
to Charles Babbage (1792-1871) in 1812, 
when he was only twenty years of age. 
Babbage made a small automatic machine 
but when it came to making one on a 
large scale he sought and received the 
support of the Royal Society. This 
Society was instrumental in obtaining for 
him a grant of money from the Treasury 
to enable him to develop his ideas ; how- 
ever, although he made considerable pro- 
gress, the prospects of a continuing ex- 
penditure of money did not appeal to the 
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Treasury, with the result that after a time 
both the financial support and the work 
were discontinued. But enough had 
already been discovered to show that, in 
principle, Babbage’s scheme would have 
worked ; had he continued, there is no 
doubt that some form of machine would 
have been built in England though the 
speed would have been slow by modern 
standards. Unfortunately for the prestige 
of British engineering and science it was 
left to Scheutz, a progressive energetic 
master-printer of Sweden, to make the 
first machine based on the ideas of 
Babbage. 

Babbage was certainly the first to 
formulate the scientific and engineering 
problems in this field of activity and he 
proceeded a considerable way towards 
their solution. A hundred years or so had 
to elapse, however, before his ideas came 
to maturity through the application of 
electric and electronic devices by engineers 
and scientists. 

Babbage himself reported that his 
interest in computation was due to his 
own need to make navigational, astro- 
nomical and mathematical tables. It 
struck him that the routine processes of 
his work were capable of being carried 
out by machines, and he even looked 
ahead to the prospect of including a 
printing unit in his system. Babbage had 
two machines in mind—a Difference 
Engine and an Analytical Engine. The 
former was intended to be a device for 
sub-tabulation and nothing more, whereas 
the latter was to be a general-purpose 
programme-controlled computer with all 
the facilities we find in such machines 
to-day. 

In 1822 he wrote to Sir Humphry 
Davy as follows : ‘ The intolerable labour 
and fatiguing monotony of similar arith- 
metic calculations first excited the desire, 
and afterwards suggested the idea, of a 
machine, which, by the aid of gravity or 
any other moving power, should become 
a substitute of one of the lowest operations 
of human intellect.’ Later he extended 
his ideas and explored the possibility of 
converting into number all the formulae 
of mathematical analysis. Although his 
machines were never completed the work 
which he did had a stimulating effect on 
several aspects of English engineering by 
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drawing the attention of many people to 
the kind of work which could be done. 
The driving force in Babbage’s approach 
to machinery for computation was his 
interest in astronomy and mathematical 
analysis, but his success was due to the 
fact that he happened to possess a gifted 
sense of mechanics and was thus able in 
his own person to co-ordinate two dif- 
ferent specialisms. 

It is worthy of note that, in addition to 
the reasons given by Babbage for his 
interest in computation, there is the fact 
that his father was a banker, and that 
from his youth Charles appreciated the 
importance of computations and the 
analysis of records. 

The next really important step in the 
development of computing machinery as 
envisaged by Babbage was taken by 
Prof. Howard Aiken—now Director of the 
Computation Laboratory of Harvard Uni- 
versity—an electrical engineer. When he 
was asked what made him think of de- 
veloping machinery for computing he 
replied that the preparation of his thesis 
for the degree of Doctor of Philosophy 
of Harvard University necessitated the 
numerical solution of a large number of 
ordinary differential equations. The ex- 
perience convinced him of the real need 
for carrying out such operations by auto- 
matic means, and this turned his attention 
towards the development of machinery for 
computation. Here again there is an 
example of the effect of the cross-fertilisa- 
tion of two different specialisms in one 
person. The first date in his notebooks 
on which reference was made to automatic 
computing machines was April 12, 1937, 
about 125 years after the idea first 
occurred to Babbage. 

It is worthy of note, however, that in 
1936 there appeared in the Proceedings of 
the London Mathematical Society a remark- 
able fundamental mathematical paper by 
Dr. A. M. Turing, now of the University of 
Manchester. In this paper can be found 
the basis of many of to-day’s ideas on fully- 
automatic computing machinery. 

Aiken’s development was made without 
any knowledge of Babbage’s work; he 
said that it was a shock to him when, after 
having proceeded with his work for some 
years, he came across a reference to 


Babbage’s papers, and there, in the 


writings of over a hundred years ago, he 
saw clearly described all the principles 
which he himself had deduced. 

From the beginning both Babbage and 
Aiken had recognised how valuable it 
would be to produce a machine which 
could be used for many different types of 
computation. They were not concerned 
with the development of special machines 
for particular purposes, but rather with 
multi-purpose computing devices. Here 
is an indication of the needs from which 
sprang a recognition of the value of this 
type of machine. 

There have been special computing 
machines as far back as 1642. A model 
was made by Pascal and it worked ; but 
it was a toy, and the general outlook of 
the times was such that it was not needed 
in science or commerce. The art of the 
modern computing machine is far re- 
moved from that of Pascal’s machine by, 
among other things, its greatly increased 
capacity for rapid computation, and in 
1884 a young American machinist, Dorr 
E. Felt, completed his invention of a 
hand-operated, key-driven computing 
machine. He later became the manufac- 
turer of the well-known commercial 
‘Comptometer.’ Felt was in charge of a 
wood-planing machine and he conceived 
his basic idea from watching its ratchet- 
feed motion. He wrote: ‘ Watching the 
planer-feed set me to scheming on ideas 
for a machine to simplify the hard grind 
of the book-keeper in his day’s calcula- 
tions of accounts. I realised that for a 
machine to hold any value to an ac- 


countant, it must have greater capacity | 


than the average expert accountant. 
Now, I knew that many accountants 
could mentally add four columns of figures 
at a time, so I decided that I must beat 
that in designing my machine. Therefore, 
I worked on the principle of duplicate 
denominational orders that could be 
stretched to any capacity within reason. 
The plan I finally settled on is displayed in 
what is generally known as the ‘‘ Macaroni 
Box Model.” ’ 

The following additional points are 
worthy of note ; they give an indication 
of the reasons which prompted people to 
interest themselves in these devices— 
people now well-known internationally 
for their contributions to the art of cal- 
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culating by machinery. W. S. Burroughs, 
whose name is associated with an inter- 
nationally-known accounting machine, 
was a bank clerk ; Hermann Hollerith, 
whose name is commemorated in the 
well-known punched-card system, was an 
officer in the United States Bureau of 
the Census. He realised in 1886 that long 
before the census returns of 1880 had been 
analysed it would be time to have a new 
census in 1890. This turned his attention 
to machines which would speed up cal- 
culation and analysis. 

The first electronic machine was de- 
signed in 1942 at the Moore School of 
Electrical Engineering of the University 
of Pennsylvania. It was called the 
Electronic Numerical Integrator and Cal- 
culator, or more briefly ENIAC. The 
desire to create it arose from the pressing 
need of the Ordnance Department of the 
United States to provide ballistic trajec- 
tories of shell and bombs at such a rate 
that the available computing strength of 
the whole of the U.S.A. was unable to 
cope with it. But in fact the real impetus 
towards the creation of this machine came 
in 1941 from a physicist, Dr. John W. 
Mauchly. His major interests were in the 
analysis of the considerable volume of 
physical observations made for the De- 
partment of Terrestrial Magnetism in the 
Carnegie Institution in Washington. The 
records were concerned with electricity 
in the atmosphere, magnetism in the earth, 
the weather, etc. He was convinced that 
the most efficient way of carrying out the 
analysis was by means of some type of 
electronic machine and he joined the 
Moore School of Electrical Engineering 
in the autumn of 1941, in the hope of 
learning something about how to use 
electronic valves to devise machinery for 
computing. It was at about this time that 
the Ordnance Department in Washington 
became alive to the need to be able 
quickly to produce such ballistic trajec- 
tories as might be needed. From this 
there resulted the development which led 
to the creation of the ENIAC through the 
collaboration of Mauchly the physicist 
and Eckert the electrical engineer. 

The ENIAC is a digital machine ; desk 
calculators are similar examples ; punched- 
card machines provide another example 
in the same category. It is of interest to 
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note that quite a number of the digital 
machines which in their final form are 
general-purpose devices actually started 
with a special-purpose objective; in 
each case the designers found, indepen- 
dently, that it was as easy, and much more 
satisfactory, to produce a general-purpose 
machine which would include the special- 
purpose among its functions. The other 
major class of computing machines is that 
of the ‘ analogue’ machine ; a slide-rule 
is a very simple form of analogue machine. 
There is one important member of this 
type which must receive special mention— 
the differential analyser. This type of 
machine was invented by Dr. Vannevar 
Bush of America. By 1930 Dr. Bush and 
his group had finished the first differential 
analyser. It was entirely mechanical and 
had no electrical parts except the motors. 
A more ambitious differential analyser 
was started by him in the Massachusetts 
Institute of Technology in 1935, and was 
completed in 1942. This was a valuable 
machine, but, by and large, it is being 
superseded by the newer automatic elec- 
tronic machines. The same problems can 
be solved more accurately on the elec- 
tronic instruments, perhaps even more 
economically. 

It is interesting to note in passing that 


_when the work was almost completed, 


Bush found, to his great astonishment, 
that the principles of his machine had been 
laid down quite clearly by Lord Kelvin 
in 1876 in a relatively brief paper. This is 
another example of the same ideas having 
been generated quite independently in 
different parts of the world, but in 
England the practical need was not yet 
apparent. Kelvin’s ideas fell on barren 
soil. But in 1925 Vannevar Bush, at the 
Massachusetts Institute of Technology, 
was sufficiently alive to the need to pro- 
ceed as fast as his ingenuity and skill 
would permit him. 


IV. THe GrowruH OF INTEREST IN 
NuMERICAL METHODS 


Interest in machinery for computing 
developed in Great Britain in the following 
way. Babbage and Kelvin were, of 
course, the important pioneers in this 
field. Before Babbage, however, there had 
of course been a reasonably continuous 
interest in mathematical tables, and many 
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individual mathematicians had devised 
ingenious methods of computing tables of 
logarithms, sines, etc., but their interests 
in numerical methods were perhaps more 
those of the pure than of the applied 
mathematician. 

After Babbage, the British Association 
Mathematical Tables Committee, which 
existed from 1871 to 1948, did more 
than any other group in the world to 
stimulate and keep alive interest in the 
making of mathematical tables. The 
names of many great mathematicians are 
associated with this Committee : Cayley, 
Stokes, Thomson, Glaisher, Rayleigh, 
Greenhill, Forsyth, Sylvester, Karl Pear- 
son, Airey, Doodson, Comrie, etc. Speak- 
ing generally, however, most of these 
people were more concerned with making 
tables than with Numerical Analysis. 
This statement was certainly not true 
of Pearson, Doodson and Comrie. In 
particular, Pearson’s method of analysing 
observations statistically, and his exposi- 
tions of his own work, gave very consider- 
able impetus to Numerical Analysis. In 
1948 the Royal Society took over the 
interests and the responsibilities of the 
Mathematical Tables Committee of the 
British Association. 

But the people really responsible for the 
present appreciation of Numerical Analy- 
sis in Great Britain are Sir Edmund 
Whittaker, Dr. L. J. Comrie, Sir David 
Brunt, and Prof. D. R. Hartree. When 
Prof. Whittaker was a young man at 
Dunsink (1906-12) in Ireland, he learned 
of the many numerical methods used by 
astronomers for their own calculations 
and, in Edinburgh, from 1912 onwards, he 
learned what actuaries are doing, princi- 
pally through his contacts with the late 
G. J. Lidstone. He found that astronomers 
and actuaries were, within their own 
special domains, using methods involving 
numerical analysis which were known to 
only very few mathematicians, and he 
took steps to make this information known 
in a wider field. Prof. Whittaker himself 
was not interested in machines, but only 
in the methods employed for solving 
special problems ; the well-known book, 
Calculus of Observations, by Whittaker and 
Robinson bears excellent testimony to the 
range of his interests. In his opinion the 
best training for undergraduates was to 


use relatively primitive aids to calculation, 
That may have been true up to some 
twenty years ago, but the tempo of 
scientific discovery has increased con- 
siderably and it is now desirable for 
students to learn some of the techniques of 
numerical analysis and statistics, using 
desk calculating machines, if they are to 
obtain experience, while in the Universj- 
ties, of some of the types of problem 
likely to confront them later. Whittaker 
was a pioneer in this field, and through 
his students, schools of numerical analysis, 
* computation’ it was then called, were 
established in Imperial College by Prof. 
Levy, and in the University of Leeds by 
Mr. G. Smeal. In 1917, Dr. Brunt, now 
Sir David Brunt, interested principally in 
dynamical meteorology, found it neces. 
sary to stress the importance of numerical 
work, and he published a very useful 
book entitled Combination of Observations, 
At the time when it was first published 
this book was the only one which gave an 
account of the theory of least squares 
without tying it up with some specialised 
technology ; previously the book which 
most people used had been written for 
people reducing surveys or for astronomers. 

But perhaps the greatest populariser of 
numerical methods that this country has 
had was the late Dr. Leslie John Comrie, 
F.R.S. Comrie’s earlier interests were in 
astronomy and in the numerical methods 
required in this field. Prof. Karl Pearson 
at University College, London, introduced 
him to calculating machines and gave 
Comrie an opening into what was to be 
his life’s work. When, in 1926, Comrie 
was appointed Deputy Superintendent 
of the Nautical Almanac Office, he was 
quite convinced of the inefficiency of the 
then prevailing method of calculation 
by the use of logarithms, and he applied 
himself to the task of introducing 
mechanical methods into the routine pro- 
cedure of the Nautical Almanac Office. 
These new methods involved the utilisa- 
tion of commercial machines such as the 
National, and the Hollerith punched-card 
equipment. But he devised methods of 
using these commercial machines far 
beyond the anticipations of their original 
designers. It is possibly true that the 
capacities of these machines for numerical 
work have still not been fully explored. 
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In fact, Comrie’s greatest contribution to 
the general advance of interest in numeri- 
cal methods is that he showed what could 
be done with available, relatively inexpen- 
sive, hand-operated or electrical, machin- 
ery. This, by the way, was well before the 
time of electronic computing machinery. 

A contribution of considerable import- 
ance was also made by Prof. Hartree, one- 
time Professor of Theoretical Physics in 
the University of Manchester. He was 
concerned with problems of theoretical 
physics, and realised the value of Dr. 
Vannevar Bush’s differential analyser 
as soon as he heard of it. He went to 
America, studied the machine, came back 
to England and, with the assistance of an 
industrial benefactor and the co-operation 
of the University of Manchester, built a 
similar machine in that University. 
Hartree did much to stimulate interest in 
Great Britain in the idea of calculation 
by machinery. 

Before this, in about 1920, the late Sir 
Arthur Eddington, keenly interested in 
astronomical problems, gave a course in 
the University of Cambridge on ‘ Com- 
bination of Observations’ ; it was on the 
lines of Brunt’s book of the same title. 
Harrison of Clare College gave a course at 
about the same time in which ‘ Harmonic 
analysis, computation, nomograms, etc.’ 
were mentioned in the syllabus. Levy’s 
course in London was, in principle, in 
advance of the Edinburgh course in that 
it dealt more thoroughly with the question 
of the integration of differential equations 
and was perhaps rather more modern in 
its general attitude. A course in numerical 
analysis, and a Mathematical Laboratory, 
established in the University of Liverpool 
in 1933, were inspired by the experience 
of the writer when he was a student 
under Smeal in the University of Leeds. 
Later, in 1946, an undergraduate course 
in Numerical Analysis was also established 
in the University of Cambridge. The 
establishment of this course owes a great 
deal to the earlier influence of Sir John 
Lennard-Jones. As Professor of Theoretical 
Chemistry it was his need for mechanised 
arithmetic that lead to the construction 
of the second differential analyser in 
England, and to the foundation of the 
Cambridge University Mathematical Lab- 
oratory, which was for a time under 
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his control. Bringing the account up to 
date, mention must be made of the post- 
graduate course in Numerical Analysis 
which has just been established by the 
University of Cambridge. 

The general effect of this slow develop- 
ment was that during the years since 1913 
there have been injected into the scientific 
stream of this country a few investigators 
who were aware of some of the things 
which can be done by the processes of 
numerical analysis, and these people have 
helped to influence the opinions of those 
scientists with whom they have come 
into contact. 

But it was perhaps the two great wars 
of 1914 and 1939 that stimulated the armed 
forces of this country into a realisation of 
how much they depended upon numerical 
methods of one kind or another. The 
armed services exerted great pressure on 
their supply departments—in the first 
world war on the Ministry of Munitions, 
and in the second on the Ministry of Supply 
—to provide them with the answers to 
their problems and with new instruments 
of war. In the 1914-18 war a great deal 
of numerical work, both theory and appli- 
cation, was done in the field of ballistics. 
The work was carried out in the Anti- 
Aircraft Experimental Section of the 
Munitions Inventions Department of the 
Ministry of Munitions. This group oper- 
ated first under the leadership of Prof. 
A. V. Hill, and then under the late Sir 
Ralph H. Fowler ; Prof. Hartree was a 
member of the group. There was a trajec- 
tory and computing section under the 
late Prof. Karl Pearson, the statistician, 
and Dr. A. T. Doodson, now Director of 
the Liverpool Observatory and Tidal Insti- 
tute. In fact, the basic methods used for 
trajectory calculation to the present day 
are associated with the name of 
Doodson. 

Before the advent of the requirements 
of anti-aircraft gunnery the ballisticians 
were required to predict only the point of 
fall, and much ingenuity had been spent 
on getting this point without calculating 
intermediate points on the trajectories. 
In the anti-aircraft requirement each 
point on a trajectory is equally important 
and so emphasis was placed on the correct 
calculation of the trajectory as a whole 
and on the development of step-by-step 
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methods which could be carried out in a 
routine manner for complete sets of 
trajectories, and also on interpolating 
points between calculated trajectories. 

In the 1939 war the needs of the armed 
forces, in terms of numerical methods and 
analysis, grew to surprising proportions. 
In this connection mention must be made 
of the establishment of the Admiralty 
Computing Service and of the excellent 
work it did under J. Todd and D. H. 
Sadler. The work of this service did much 
to spread a realistic appreciation of the 
value of numerical methods. Each new 
type of projectile or bomb required a new 
set of trajectories. New engineering pro- 
cedures necessitated calculations which 
had to be carried out rapidly. The rapid 
development of new types of weapons 
made it necessary to be able to make 
quick estimates of their possible conse- 
quences. In many cases a particular 
tactical problem could be solved in many 
ways, and it became necessary to evaluate 
a family of solutions and from it choose 
an optimum. In choosing the optimum, 
consideration often had to be given to 
questions of supply, available man-power, 
weight of ammunition, availability of steel, 
load-bearing capacity of bridges, etc. All 
these considerations had to be based on 
some form of estimate which, however 
speculative might be the underlying 
assumptions, had to be correct mathe- 
matically so as to show the logical conse- 
quences of the original assumptions. And 
speed was of the essence of the situation. 
It is interesting to note, however, that 
the first of the electronic machines of the 
modern kind to be made in England was 
that of Dr. M. V. Wilkes and his colleagues 
in the University of Cambridge. In this 
instance the needs of pure science consti- 
stuted the driving force. 

Since those days the Ministry of Supply 
and the Department of Scientific and 
Industrial Research have been the main 
sponsors of the introduction into England 
of machines for computation. Perhaps 
this has been so because they were aware 
of the great advances in this direction 
being made in America. But in America 
the impetus now comes not from Govern- 
ment Departments but from private 
commercial enterprise. In England special 
praise must be accorded to the Cambridge 


University Mathematical Laboratory 
under Dr. Wilkes ; Dr. Turing and Mr, 
Womersley, both formerly of the National 
Physical Laboratory ; those sections of 
the National Physical Laboratory which 
are led by Dr. Goodwin and Mr. Cole- 
brook, and the Manchester University 
team of mathematicians and electronic 
engineers which is led by Prof. Williams, 
for spreading a knowledge of the potenti- 
alities and powers of modern electronic 
automatic computing machines. In this 
connection special mention must be made 
of Sir Ben Lockspeiser who, as Secretary 
of the D.S.I.R., has done and is doing a 
great deal to stimulate in this country en- 
thusiasm for modern electronic machines 
for computation. 


V. A Review or Existinc Arps To 
COMPUTATION 


The businessman, the administrator, 
and the scientist of to-day have many 
aids to computation at their disposal— 
instruments, machines, mathematical 
tables. In the first instance there are the 
simple mathematical instruments such as 
slide rules, planimeters, etc., which are 
used so frequently that they have come to 
be looked upon as the basic tools in the 
armoury of the engineer. Then there is 
another important tool, the well-known 
tables of simple mathematical functions, 
such as, for example, logarithms, rates of 
interest, products, etc. In addition there 
are the tables required in simple statistical 
calculations. These are accepted as part 
of the natural order of things in commerce 
and administration. 

Next in order of complexity are tables 
of the more complicated mathematical 
functions, of especial value to scientists 
and design engineers. ‘The increasing 
demands made on these individuals by 
society lend emphasis to a point of some 
importance. It has been suggested that 
the newer types of electronic machine will 
make unnecessary much of the present 
compilation of mathematical tables, as 
the machines can calculate whatever func- 
tions are required as and when they are 
needed. Although electronic computers 
can do this there is no basis for such a 
point of view. We know enough of the 
history of science to be able to say with 
confidence that the invention of any new 


428 


co. 


al 


el 
P 
h 
al 
ti 
m 
tc 
4 n 
al 

th 
ti 
ay 
m 
ke 
di 
th 
in 
ac 

ac 
de 
cc 
lit 
is 
th 

to 


aid to calculation does not displace the 
earlier ones ; what it really does is to open 
up new fields of scientific and commercial 
activity. The abacus is still used ; slide 
rules are still used ; so are ready-reckoners 
and books of logarithms. Volumes of 
tables of mathematical functions are in 
constant demand and continue to be 
needed by the majority of scientists and 
engineers as they map out their theories 
and their calculations. In fact, with the 
growth of science and its application, the 
demand for mathematical tables will 
increase. There will also be a growing 
demand for electronic and electrical 
machines, but it is not unreasonable to 
anticipate that for years to come the 
number of installations of digital and 
analogue machines will be relatively few, 
if only on account of their cost. In addi- 
tion, they are somewhat expensive to run 
and need specialist mechanics, engineers 
and mathematicians. Perhaps the situa- 
tion will alter when such people are avail- 
able in sufficient number and when 
electronic machines are cheaper than at 
present, and simpler to maintain. 

In this connection reference may per- 
haps be made to two critical points. They 
are truisms which, surprisingly, need con- 
tinued emphasis and reiteration. Firstly : 
machines are useless if there are no men 
to run them. Secondly: men, scientists, 
engineers and mechanics will not, in a 
free society, devote themselves to these 
newer devices unless their interest is 
aroused. At the present time interest in 
these machines is growing. Industry and 
science are starting to realise their poten- 
tial value. And some men are already 
aware that these machines are of per- 
manent value—not just a passing whim. 

When considering machines it is well to 
keep in mind that there is a significant 
difference between those which carry out 
the operations of arithmetic, in which 
increasing mathematical accuracy can be 
achieved by reiteration and _ successive 
approximation, and those in which the 
accuracy of the final result depends on the 
details of their mechanical or electrical 
construction. In the former there is no 
limit to the mathematical accuracy which 
is theoretically achievable ; in the latter 
the limits of accuracy are a function of the 
tolerances of manufacture. 


Society and the Calculating Machine 


But returning to our catalogue of aids 
to mathematical calculation, note should 
be taken of the considerable importance 
of the relatively simple desk calculating 
machine, both the hand-operated and the 
electrically-operated types. It is not un- 
fair to say that these small simple machines 
have proved themselves to be among the 
most valuable of the aids available to 
commerce, science and engineering. They 
have proved their worth for doing those 
preliminary and detailed calculations 
which present themselves from time to 
time in the normal run of work, and they 
have also proved themselves to be the best 
instruments for training university under- 
graduates and research workers to appre- 
ciate the value of numerical methods. 

Then there are the well-established 
accounting machines. These are usually 
designed to meet specific requirements— 
single-purpose units of great value in 
banks, supply organisations, and the like. 
Especially important in the field of 
accounting is the technique of using 
punched cards. These punched - card 
machines have their greatest value where 
simple mathematical operations have to 
be carried out on a considerable volume 
of numerical information, and where the 
results of one part of the calculation do 
not immediately have to be used as input 
for further steps. Very often the same 
information has to be used simultaneously 
in different sections of some large firm 
or organisation. In such cases copies of 
essential information are required. But 
normal manual transcriptions often intro- 
duce errors, frequently difficult to trace. 
Babbage had the idea that if the essential 
information could be recorded as holes 
punched in special cards, and if the cards 
could be sorted and analysed quickly 
according to the information required, 
human errors would be eliminated and 
transcription would be unnecessary. 
Babbage suggested that the sorting could 
be done mechanically. Nowadays it is 
usually done electrically and at high speed, 
but it is interesting to note that the 
Powers-Samas machines do sort mechanic- 
ally at the same speed as the Hollerith do 
electrically. But one essential feature of 
this type of machine is that it can carry 
out only a few simple operations while 
the cards are passing through it. The 
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larger the number of required operations 
the greater the number of times the pack 
of cards has to be passed through the 
machine. Further, instructions are nor- 
mally given by electrical contacts in a 
plug-board, and as the plugging of the 
boards often takes a great deal of time, 
these machines are most useful when deal- 
ing with large quantities of numerical 
information, the contact board thus re- 
maining unaltered for considerable periods 
of time. 

The potentialities of punched-card 
equipment for purely scientific numerical 
work do not seem to have been fully ex- 
plored, or, if they have been explored, 
have not been made known sufficiently 
widely. There are many problems which 
lend themselves to the special qualities 
of these machines, such as a wide range 
of statistical calculations, the making of 
mathematical tables, the solution of simul- 
taneous linear algebraical equations and 
linear differential equations. It is true 
that most, if not all, of the work at present 
done by punched-card methods can be 
done by the newer automatic digital 
computers. In general, however, the two 
machines are suited to different kinds of 
problems. Roughly speaking, punched- 
card machines are best for problems 
involving a few simple operations on a 
large quantity of numerical information, 
and the high-speed computers are better 
for those problems in which complex 
mathematical operations have to be carried 
out on a not excessive amount of informa- 
tion. In problems where the feeding in of 
information is a major part of the work, 
and if this information is fed in relatively 
slowly, as at present, there is little point 
in doing the calculations at great speed. 
Another point to be noted is that, at 
present, punched-card machines have a 
great advantage over other types in that 
they are readily obtainable ; further, they 
need little or no modification to adapt 
them for the solution of any suitable 
mathematical problem. 

The most important type of analogue 
computer is the differential analyser. 
This machine was originally designed to 
integrate ordinary differential equations. 
It is of value in those cases where informa- 
tion is required to show the trend of solu- 
tions with varying boundary conditions, 


as for example when one has to calculate 
the effect on a complete system, of varying 
initial design parameters. In such cases 
the limited accuracy of the differential 
analyser is not a disadvantage since, very 
often, only approximate solutions are 
needed. A considerable volume of cal- 
culation was carried out on these machines 
during the last war, such as, for example, 
the solution of families of equations con- 
cerned with the internal and external 
ballistics of guns, shells, rockets, trajec- 
tories of V1 and V2 type of projectiles, etc., 
and the solution of the non-linear equa- 
tions of the theory of servo-mechanisms. 

The differential analyser is basically a 
multi-purpose analogue machine with 
variable internal connections. If some of 
the internal connections are fixed, we get 
a type of analogue machine which can be 
used for the solution of variants of some 
one specific problem. Such kinds of 
machines have proved to be extremely 
valuable, as, for example, in simulating 
aircraft control systems for training pilots, 
etc. 

But when one speaks of modern types 
of calculating machine, one usually has 
in mind those which are electronic, fully 
automatic, digital and general purpose. 
It must, however, be borne in mind that, 
basically, these computers can perform 
only the same operations as a human 
being. These machines should not be 
regarded as the forerunners of new types 
of creation with superhuman minds, but 
rather as the most stupid kind of human 
operator—so stupid, in fact, that they 
cannot make even a trivial decision of 
their own ; so stupid that every little step 
in the process of calculation has to be 
mapped out and the appropriate instruc- 
tions formulated. Even where the 
machines appear to take some decision, 
the criteria for judgment must be laid 
down and embodied in the instructions. 

At this stage, it would perhaps be appro- 
priate to refer to a by-product of the inven- 
tion of these types of machine. They have 
stimulated many people to speculate on 
the method by which the human brain 
works and some far-reaching, unsub- 
stantiated claims have been made on the 
basis of apparent analogies. The mind 
appears to make decisions, so do these 
machines—and hence, it is said by some, 


430 


the 
crl 

oul 

| no’ 
det 

cei 
: ou! 

| wo 
lar 
| tec 

stu 

ust 

| ide 
an 
| we 
Wi 

lec 

| a 
wi 

| the 
ha 

fur 
tal 

| hu 
: 
| 
fui 

| ra 
fai 

m 

foi 
el 
et 

cr, 

| et 
Ww 
th 

of 
4 of 
ne 

la 


the mind works like these artefacts. But 
insufficient attention has been paid to the 
critical point that machines may carry 
out what they are instructed to do, but 
not a single one is able to use judgment, 
make guesses, intelligent or otherwise, 
determine all its own instructions or per- 
ceive and interpret even simple situations 
outside itself. Less far-reaching claims 
would have been more realistic and 
valuable. Our understanding of the 
physiology of the body has come about 
largely through the application of the 
techniques of physics and chemistry to a 
study of the living organism and by the 
use of artefacts which have actions 
analogous to, though not necessarily 
identical with, those of the organs of 
animals. In much the same way it may 
well be that our understanding of some 
aspects of the activity of the human brain 
will be advanced by our growing know- 
ledge of electronic calculating machines. 

But reverting to the main topic, here is 
a brief indication of some of the things 
which have been done with the aid of 
these machines. Important contributions 
have been made to the theory of numbers ; 
functions in pure mathematics have been 
tabulated in cases where tabulation by 
human assistants would not have been 
economic ; as a result mathematicians 
and scientists have been enabled to appre- 
ciate the general behaviour of complicated 
functions in which they were interested. 
Problems have been solved in atomic 
physics, astrophysics, the motion of com- 
pressible and incompressible fluids, solar 
radiation, wave guides, the ionosphere, 
family budgets, chess, diffraction pheno- 
mena in microscopes, surveying, weather 
forecasting, meteorology, census analysis, 
electronic valves, structures, turbine rotors, 
optical systems, plate fractionating towers, 
etc. Statistical analysis, problems of air- 
craft flutter, metallurgy, transfer of heat, 
etc., have all provided problems for these 
machines. 

The three most recent applications 
which have been made public are parti- 
cularly instructive. The first came from 
the oil industry ; considerable quantities 
of oil (the quantity is estimated at millions 
of barrels) are lost annually as gas, but it 
now seems that if certain detailed calcu- 
lations can be carried out rapidly on the 
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site, it should be possible to control the 
conditions of flow to such an extent that 
the vaporised gas will be converted into 
fluid and so be saved. Electronic high 
speed computers offer the only way of 
carrying out the calculations. 

The second example refers to the inter- 
national laboratory which is being estab- 
lished near Geneva by the European 
Council for Nuclear Research. It is pro- 
posed to build there a very expensive ac- 
celerating device, but the practical sound- 
ness of the design has been questioned. 
Theoretically, an instrument constructed 
to precise mathematical specifications, 
should be an extremely valuable scientific 
instrument. But in practice there will be 
slight disturbances due to small misalign- 
ments in the fields; the effects of these 
may eventually build up so that an 
appreciable number, or most, of the 
accelerated particles hit the walls before 
they complete a sufficient number of 
circuits of the instrument. To test this 
matter it is necessary to work out a large 
number of critical proton-orbits. The 
amount of labour required to compute 
these paths is prodigious, but now, by the 
aid of the Automatic Computing Engine 
at the National Physical Laboratory, the 
computations are to be carried out in 
reasonable time, and so an electronic 
computer will provide relevant informa- 
tion before an important policy decision, 
involving a considerable expenditure of 
money, is taken. 

In the sphere of administration, one 
very large private organisation in this 
country has already installed an electronic 
computer and by its aid carries out some 
of its routine administrative computations. 
This firm has shown, by direct comparison, 
that the machine does not make the ap- 
parently accidental errors made by its 
costing clerks, and also that the work 
can be carried out much more economic- 
ally and rapidly than in the past. It has 
been estimated that where one of the 
modern-type machines can be used it 
can, in equal time, do the work of about 
one hundred clerks. So great is the 
importance attached to economy and the 
elimination of error in the computations 
of large organisations that the Department 
of Scientific and Industrial Research has 
started to investigate this problem in a 
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comprehensive manner. In particular, 
the working of the Ministry of National 
Insurance has been singled out for de- 
tailed study from this point of view. The 
way in which this came about is as follows. 
At the time when the Manchester machine 
was just about ready to start work, a 
special committee was set up at the 
instigation of Sir David Brunt to consider 
the development of computing machines, 
to maintain liaison between different 
workers producing new machines, and 
eventually to recommend which machines 
should be manufactured on a large scale. 
This committee, of which Sir David has 
been Chairman since its inception, has 
continued to meet regularly and has un- 
questionably been extremely valuable as a 
means of disseminating information. Some 
time ago the Committee became con- 
vinced that it was necessary to make a 
really close investigation of the possible 
application of these machines in big 
departments such as the Ministry of 
National Insurance, and a sub-committee 
was set up to consider what should be 
done. This sub-committee has just re- 
ported and certain suggestions have been 
forwarded to the Department of Scientific 
and Industrial Research as to the next 
stage in the solution of this difficult 
problem. 


VI. Future DEVELOPMENTS 


The immediate future needs in this field 
of interest can be formulated quite simply. 
An appreciable increase is needed in the 
number of mathematicians and engineers 
capable of using and discovering the 
potentialities of existing automatic elec- 
tronic and electric computing machines. 

Next, simplified versions of existing 
machines must be devised, with the fol- 
lowing characteristics: they must be 
much cheaper, maintenance costs must be 
smaller and the techniques of giving 
instructions must be less complicated. It 
will probably be difficult to satisfy this 
group of requirements, but only by doing 
so will it be possible to induce an increasing 
number of administrators and scientists to 
buy and use such machines. 

If one accepts the present high speed of 
computation without modification, con- 
sideration must be given to methods of 
increasing the speed of input of information 
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and output of results. Alternatively, if 
speed of input and output are accepted 
without change, it should be possible to 
build much cheaper computing machines 
whose speed of computation is much 
reduced. Basically a balance must be 
achieved between speed of input, compu- 
tation and output, but the balance will 
depend on the problem considered. It is 
obviously uneconomic to have a three- 
branched system with one branch ad- 
justed to work more rapidly than the other 
two. 

In addition, hybrid machines will pro- 
bably be developed in which will be mated 
some of the qualities of electric and 
electronic calculating machines, punched- 
card systems, and differential analysers, 
depending on the nature of the problems 
to be solved. 

But even if these requirements will not 
be met within the next ten to fifteen years, 
the demands upon existing and projected 
installations will continue to increase, 
especially in those spheres of engineering 
and science in which the relevant scientific 
laws are well understood but in which 
their application to interesting cases is 
rendered difficult or impossible by the 
complexity of the mathematical analysis 
or by the cost of numerical analysis in 
which human operators and the older 
types of aids to computation are used. 
In this way, known problems which in the 

ast have been over-simplified or put 
aside, will again be considered—and solu- 
tions of some kind will be obtained. 
These answers will suggest new problems 
and new speculations, and it is thus not 
unreasonable to anticipate a_ greater 
vitality in the whole complicated field of 
applied mathematics, science and engi- 
neering. 

Further, the existing theoretical ap- 
proach in mathematical physics, mathe- 
matical engineering, theoretical chemistry, 
biology, etc., will probably be altered. At 
present, on account of the large number 
of variables which enter into the real 
problems which occur in nature, and the 
impossibility of attacking by conventional 
mathematical methods any rigorous for- 
mulation of the detailed problems, the 
practice has grown up of idealising any 
complicated problem and devising a 
simplified model which contains only one, 
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two, three or four of the full range of 
variables. When these idealised problems 
are solved one is often in doubt as to 
whether the mechanical solution of the 
simplified problem bears any significant 
relation to the exact solution of the real 
problem, for errors may have been made 
in the process of idealisation. In future, 
the process of simplifying the problems 
of nature may not need to be so rigorous, 
for numerical analysis and the use of 
electronic computers may provide an 
approach more general than that at 
present available through mathematical 
analysis. 

In the field of administration, the pic- 
ture is not so clear. A great deal will 
depend on the attitude of private enter- 
prise, the willingness of Government de- 
partments and large corporations to 
experiment with new techniques, and the 
experience likely to be gained during the 
next ten years. Perhaps the vital lead will 
come from America. 

In the fields of psychology and medicine 
the position is even more obscure, but 
there is no doubt that there will be much 
discussion, and that the experimental 
approach to problems dealing with mind 
and brain will have a realistic underlying 
pattern of thought to which to attach 
itself. 

Speaking generally, these machines will 
be a challenge to the scientists of the future 
and will make great demands upon their 
ingenuity to formulate the problems of 
nature in mathematical terms. But there 
is another and less obvious possibility for 
the future. In much the same way that 
Babbage’s machine of a hundred years ago 
had a salutary effect on branches of 
mechanical engineering so may the com- 
puting machines of the present have an 
important vitalising effect on the design 
of automatic machinery. The idea of 
automatic machinery is not new—the 
Jacquard loom, the dialling telephone, 
the petrol engine, the thermostat, etc., 
are examples. But what is new is the 
possibility of multi-purpose automatic 
control of industrial processes and other 
facilities. A factory operating entirely 
without human aid, but on the basis of 
programmed instructions, is not impossible. 
A multi-purpose factory of this kind, 
turning out china-dolls, shall we say, on 
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the basis of one set of instructions, and 
offensive armament, on the basis of another 
set, is no doubt far-fetched. But there are 
certainly groups of related manufactured 
commodities which could probably be 
made under such conditions. A factory 
of this kind would be a triumph of 
engineering and ingenuity, but whether 
it is worth making will depend on 
circumstances. 

However, apart from these fantastic 
speculations, merging as they do with 
those of Cybernetics, the real prospect 
remains that the development of auto- 
matic digital computing machines should 
produce interesting developments in the 
field of automatic machinery. Printing, 
sorting, reference-finding, typing, tem- 
perature control, weather forecasting and 
other spheres, all present problems which 
may in future be solved by the use of 
automatic machinery. 
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MATHEMATICAL TABLES PAST AND FUTURE 
by 
Dr. A. Fletcher 


In talking about mathematical tables, I 
should like first of all to consider what kind 
of need for mathematical tables exists. It 
hardly requires stressing that some sort 
of need exists ; even the Babylonians in 
ancient times had quite extensive tables 
on clay tablets! Probably most of my 
audience possess mathematical tables of 
some kind, for good and sufficient reasons. 
Mathematicians themselves are by no 
means always interested in the numerical 
values of the functions they work with, but 
users of mathematics very often have their 
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own numerical problems and are con- 
cerned with mathematics largely as an 
instrument of calculation. The navigator 
must have his nautical tables, the stati- 
stician his statistical tables, the accountant 
his interest tables ; mathematical tables 
are always liable to be required by 
physical scientists and engineers. 

The nature of the need varies greatly 
from subject to subject. Those performing 
precise computations in positional and 
gravitational astronomy, or in geodesy, say 
producing the Nautical Almanac or the Air 
Almanac or adjusting a trigonometrical 
survey in Africa, have a definite need for 
error-free trigonometrical tables giving, 
say, six to eight figures. Many modern 
applications require tables of more ad- 
vanced functions. Elliptic functions are of 
interest, to give only one example out of 
many, in connection with the inductance 
of coils in electrical engineering. Bessel 
functions occur in a large variety of elec- 
trical and other engineering contexts. 
Anyone concerned with analysing the 
variation of a quantity over the Earth’s 
surface (atmospheric temperature and 
pressure, gravity, tides, magnetism, and 
so on) is liable to require tables of spheri- 
cal harmonics and Legendre functions. 
The number of kinds of function required 
in applications is growing all the time in 
apparently endless fashion. 

For large programmes of systematic 
calculation the numerical values may be 
put on to punched cards, the uses of which 
Mr. Young is to talk to you about. In 
many cases the cards are punched from a 
table which has already been printed and 
thoroughly checked. Small and casual 
calculations are usually performed with 
the help of printed tables. This talk 
relates primarily to printed (or duplicated) 
mathematical tables. 

Let us consider briefly how many 
figures are normally required in mathe- 
matical tables. It is safe to say that the 
investigator working on experimental or 
observational material usually needs tables 
giving from three to eight figures. It is 
not often that more than eight are really 
needed, as physical quantities can rarely 
be measured with greater accuracy. Some- 
times, however, there is a loss of accuracy 
in calculation ; for instance, the difference 
of two nearly equal quantities is deter- 


mined to fewer significant figures than the 
quantities themselves. In such cases the 
user will need tables giving more figures 
than usual. Moreover, the table-maker 
who wishes to be able to guarantee the 
accuracy of the last figure needs to have 
working values to two or three more figures 
than he proposes to print. Consequently 
it is convenient, and time-saving in the 
long run, to have fundamental tables 
giving twelve or fifteen figures in the case 
of basic functions, such as logarithmic, 
trigonometric and hyperbolic functions, 


and so on. Moreover, it is a good thing 


to make some systematic provision for the 
calculation of isolated values of basic 
functions to even more decimals on special 
occasions. In some cases it may seem that 
computation has advanced far ahead of 
need. Thus, the important constants r 
and ¢ are now both known to two or three 
thousand figures! Yet even these results 
are not without interest, since they lend 
themselves to statistical discussion of 
whether the ten digits 0, 1, 2,...9 
occur in a random fashion. With x this 
is more or less so, but in the case of ¢ the 
distribution is suspected of being non- 
random. It is not that the various digits 
occur in too unequal numbers, but that 
they occur in too nearly equal numbers, 
to be compatible with randomness. If 
this is of no interest to those concerned 
with the evaluation of experimental and 
observational data, it must surely be of 
some interest to mathematicians. 

Let us now consider to what extent, 
and in what manner, the need for mathe- 
matical tables has so far been met. This 
is manifestly not the occasion for a com- 
plete catalogue, but I should like to indi- 
cate briefly the present position in relation 
to a few of the more standard kinds of 
tables. 

To start with something very simple, I 
need not say much about multiplication 
tables. Multiplication was robbed of 
much of its difficulty by the invention of 
logarithms over 300 years ago, and the 
multiplication of numbers having up to, 
say, ten digits has become very easy 
through the widespread use of desk cal- 
culating machines during the present 
century. I will, however, say that there 
are available accurate tables giving exact 
products of any two three-figure numbers, 
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and also of any two-figure by any four- 
figure number. These tables tend, how- 
ever, to be about as big as a fair-sized 
office ledger. Tables of handier size, 
giving products of any two-figure by any 
three-figure number, can be very useful ; 
[regularly take one from its shelf when my 
electricity and gas bills arrive. It is re- 
markable how pen-and-paper long divi- 
sion by, say, a three-figure divisor is 
facilitated and quickened by use of such 
tables ; this kind of long division becomes 
really easy. I may add that tables of this 
sort are mostly foreign, because such 
tables are of much more use as ready- 
reckoners abroad than they are in this 
country, with its non-decimal money, 
weights and measures. 

, Let us now consider tables of natural 
trigonometric functions—sines, cosines, 
tangents, etc. It might be thought that 
all needs would have been satisfied long 
ago, but this is true only for the sexa- 
gesimal division (degrees, minutes and 
seconds). In this system of units a wonder- 
ful feat of computation was performed by 
Andoyer in Paris in the years 1910-14. 
He produced accurate tables of all six 
trigonometrical functions to 15 decimal 
places at interval 10” throughout the 
quadrant, and so provided a very secure 
source for editors compiling working 
tables to fewer decimals. Rather similar 
tables were made over three centuries 
ago, by Rheticus and Pitiscus; their 
trigonometrical canons were gigantic and 
admirable works for their time, but they 
were not accurate, as Andoyer’s are. I 
have called Andoyer’s feat of computation 
wonderful because he computed his tables 
in a few years, without the help of any 
assistant or any calculating machine ; his 
only help was one of the three-by-three 
figure multiplication tables which I men- 
tioned earlier. 

But modern practice is freeing itself 
from the use of the sexagesimal division 
as much as it can. It is evidently more 
convenient in a general way to choose 
some angular unit and then divide it 
decimally, but there are difficulties. Sexa- 
gesimally graduated instruments are still 
widely used, and there is a vast accumula- 
ton of observations in  sexagesimal 
Measure. Navigators use nautical miles, 
and a nautical mile subtends one minute 
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of arc at the centre of the Earth. Units of 
angle are intimately related, through such 
things as longitude and hour angle, to 
units of time, and our traditional 24 hours 
are subdivided sexagesimally ; moreover, 
the second of time so obtained is the basic 
unit of time in the c.g.s. system. Still, 
there are many contexts in which one can 
use an angular unit divided decimally, 
and so make special sexagesimal comput- 
ing machines or arrangements unnecessary. 

Even in 1633 Briggs and Gellibrand 
divided the ordinary degree decimally, 
and published tables to 10-15 decimals 
at interval 0°-01. A recomputed version 
of the sines and cosines has been published 
by the National Bureau of Standards in 
Washington, but the other functions still 
lack first-class fundamental tables. Good 
working tables are available up to at 
least seven figures. 

In current use, the principal alternative 
to the sexagesimal division is the cente- 
simal division, which dates from the time 
of the French Revolution. The right angle 
is divided, not into 90 degrees, but into 
100 grades, which are subdivided decim- 
ally. This system is much used on the 
Continent for surveying; for example, 
it was adopted for all surveying (except 
geodetic surveying) in the whole of 
Germany by ministerial decree in 1937, 
and is still in use. Good working tables 
are available up to about eight figures, but 
fundamental tables are not as full as one 
could wish. 

What appears to me to be the ultimate 
division for many purposes in astronomy 
and other subjects is still at a rudimentary 
stage of development, in spite of having 
been proposed in the time of Briggs. I 
refer to the division of the whole circum- 
ference (not the quadrant) decimally. 
Its advantage is that, in finding trigono- 
metrical ratios of angles, such as planetary 
and satellite longitudes, which can go 
through many revolutions, we do not 
subtract multiples of 360° or 400%, but 
merely drop the integral part. I think 
engineers also would be glad to measure 
angles in revolutions. Tables by Bower, 
formerly of the Lick Observatory, are now 
available on punched cards and in machine 
print. Earlier tables were mostly small. 

For non-trigonometric purposes the 
fundamental unit of angle is, of course, 
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the radian. This is always subdivided 
decimally, so that there are no competing 
systems of subdivision. Yet it is only for 
sines and cosines that both working tables 
and source tables are something like 
adequate. 

It will be seen, then, that even in tabu- 
lating trigonometrical functions we are 
still far short of finality. 

On the tabulation of common loga- 
rithms (logarithms to base 10), I am able 
to report rather more favourably, but this 
is the first British Association meeting at 
which one can say so much. Towards the 
end of 1952 there was published the last 
part of Dr. A. J. Thompson’s monumental 
Logarithmetica Britannica, begun in 1922. 


This work gives highly accurate 20-decimal - 


logarithms of all integers up to 100,000. 
Many-figure logarithms of integers con- 
siderably greater than this limit have 
several times been calculated, and I think 
it would be advantageous to publish some 
of them, but apart from this we do at last 
appear to have reached an end of desir- 
able tabulation of common logarithms of 
integers. 

Logarithms of trigonometrical functions, 
like natural values of trigonometrical 
functions, have suffered in tabulation from 
the multiplicity of angular units. But the 
use of logarithms in computation has 
declined, and I will not dwell on this 
topic. 

It is, of course, only the use of common 
logarithms which has declined. The 
natural logarithm, or logarithm to base e, 
is a fundamental mathematical function. 
Source tables are adequate, largely 
through the efforts of the National 
Bureau of Standards, but one could wish 
for better working tables. 

We are now so used to working with 
exponential and hyperbolic functions that 
we may be surprised to realise how recent, 
historically speaking, has been the de- 
velopment of tables of these functions. 
There were no tolerable fundamental 
tables of e* and e~* until the 1880’s, while 
such tables of sinh x and cosh x were not 
made until the period 1926-40. There 
were a few working tables, often not very 
accessible and not very accurate; even 
small working tables of sinh and cosh 
were almost unknown in this country 
until the publication of Dale’s tables in 


1903. Even now there are no funda- 
mental tables, and very few working tables, 
of sech and cosech. There does however 
exist, in Comrie’s six-figure tables, a 
collection of tables of direct and inverse 
circular and hyperbolic functions of the 
utmost utility. 

It is, of course, possible to limit mathe- 
matical tables very much if one confines 
oneself only to very essential tables. The 
outlook a century ago seems to have been 
something like this. If you want a value 
of e*, you can multiply x by the modulus M 
of common logarithms (using either loga- 
rithms or a table of multiples of the 
modulus) ; then a table of antilogarithms, 
or a table of logarithms used inversely, 
will give 10”* = e*. If you want e-*, you 
just take the reciprocal (probably by 
logarithms). If you want cosh x, you just 
add e* and e~* and divide by 2. If you 
want sech x, you just take the reciprocal 
of cosh x. And soon. Evidently one can 
do all these things, but I think it will be 
obvious to everyone that this is a very 
uneconomic and unstreamlined process. 
Those who compute a good deal have a 
genuine need for quite a lot of tables 
which might be dispensed with, but are 
much better not dispensed with. We must 
be glad that tabulation of exponential 
and hyperbolic functions, if by no means 
as complete as one could wish, is at least 
in much better shape than it was eighty 
years ago. 

I will not go into much detail respecting 
tables of advanced functions, but I think 
a similar remark would apply to them. 
At least the more standard kinds of ad- 
vanced functions are now fairly fully 
tabulated. Excellent tables of the Jacobian 
elliptic functions were published in 1947 
by the Spenceleys, of Oxford, Ohio; 
these tables are much fuller than any of 
their kind published previously. Tables 
of the Legendre functions were published 
principally by Tallqvist in Finland in the 
years 1904-38. 

Above all, the tabulation of Bessel 
functions, important in so many applica- 
tions, has been much developed. In this 
the British Association has played a great 
part. Its committee on Mathematical 
Tables, from its inception in 187] until 
its replacement by a Royal Society 
Mathematical Tables committee in 1948, 
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indeed contributed greatly (as the Royal 
Society committee continues to do) to 
many fields of mathematical tabulation ; 
but it gave special attention to the tabu- 
lation of Bessel functions, and (apart 
from tables published in the annual 
reports) it published, in 1937 and 1952, 
two splendid volumes of tables of Bessel 
functions. In America also there has been 
great activity in the tabulation of Bessel 
functions. The I.B.M. Automatic Sequence 
Controlled Calculator at Harvard was 
put on to the automatic tabulation of 
Bessel functions. It calculates the values 
and prints the results, and has enabled 
volumes of values of 7,(x) to be published 
almost faster than computing establish- 
ments can purchase them! The latest 
volume deals with integral orders n from 
79 to 135. 

The whole field of Bessel function tabu- 
lation is evidently a large one. Consider, 
for instance, 7,(x), which is only one of 
several kinds of Bessel function. The 
value of the order n need not be integral ; 
halves, thirds and quarters of integers, at 
least, are needed in applications. The 
value of x is quite unlimited. In fact, x 
may be complex; tables for complex 
argument have been published by the 
National Bureau of Standards. It is not 
possible to draw a_ hard-and-fast line 
between essential and luxury tabulation ; 
one can, however, say that a substantial 
part of the essential tabulation of Bessel 
functions appears now to have been 
done. 

I will not dwell any longer on tables of 
particular functions. I would, however, 
like to say a few words about the manner 
in which tables were computed or drawn 
up until quite recent times. Those who 
are interested in the bibliography of 
mathematical tables will be familiar with 
the great difficulty which has arisen in the 
last fifteen years or so in describing at all 
concisely the authorship of a considerable 
number of tables, issued, often in dupli- 
cated rather than printed form, by bodies 
which are often government agencies of 
one sort or another and which frequently 
have complicated and changeable titles. 
This difficulty, however, scarcely existed 
at all before the Second World War. The 
immense majority of tables were printed 
under the names of one or two individual 
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authors, and were conveniently referred 
to by those names. 

But we must not be deceived into think- 
ing that tables, when not merely put 
together by extraction from other tables, 
were invariably computed by single indi- 
viduals, or possibly by two co-operating 
authors. In fact, a number of the best 
known tables were computed by team 
work. Sometimes this was of a straight- 
forward kind. A mathematician would 
employ computers ; thus for twelve years 
Rheticus constantly had some computers at 
work. There was also, under the French 
Revolution, a foretaste of mass-produc- 
tion methods in the highly-organised team 
set up under Prony which computed, un- 
fortunately not by the best methods, the 
logarithmic and _ trigonometrical tables 
usually known as the Tables du Cadastre. 
Sometimes, however, the arrangement 
was of a less direct kind ; mathematical 
instructors decided that it would be good 
training if their classes helped them to 
carry out quite large pieces of work. Thus 
Vega, the editor of several well-known 
and much-used collections of tables, was 
an officer and mathematical teacher in 
the Austrian artillery, and it is clear from 
his prefaces that he organised numbers of 
his pupils, officers and men, both at head- 
quarters in Vienna and on active service 
in the Napoleonic Wars, to help in the 
extensive checking of numerical values. 
There is even the case of the gentleman 
who in mid-Victorian days was employed 
to give mathematical instruction to two 
young ladies, and with the help of their 
computations produced quite a good 
book of seven-figure logarithms ! 

It is evidently a great advance that 
large pieces of work involving thousands 
of repetitions of definite schedules of 
computation can now so often be per- 
formed by automatic machines. Even to 
an enthusiastic computer, almost unending 
repetition can be a drudgery. We must 
be glad that the engineers have come to the 
rescue and are increasingly setting mathe- 
matical labour free for other purposes. 

I would now like to say a few words 
about the indexing of mathematical 
tables. Glaisher says that the purposes for 
which the British Association Mathe- 
matical Tables Committee was appointed 
in 1871 were twofold, viz. (1) to form as 
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complete a catalogue as possible of exist- 
ing mathematical tables, and (2) to 
reprint or calculate tables which were 
necessary for the progress of the mathe- 
matical sciences. The first objective, that 
of cataloguing existing tables, was in large 
measure attained through the publication 
of Glaisher’s classic 175-page report to 
the meeting of the British Association in 
Bradford in 1873, just eighty years ago, 
supplemented by Cayley’s report, two 
years later, on tables in the theory of 
numbers. But this work was not continued 
and kept up to date by the Committee, 
which came to devote its efforts almost 
entirely to the computation of new tables. 
Thus over sixty years elapsed before the 
publication of similar extended and syste- 
matic indexes to tables, namely D. H. 
Lehmer’s Guide to Tables in the Theory of 
Numbers in 1941 and An Index of Mathe- 
matical Tables by members of the Depart- 
ment of Applied Mathematics in this 
university in 1946. In the meantime there 
had certainly been encyclopedia articles 
by Mehmke and by Glaisher, a detailed 
account of tables of logarithms of numbers 
by Henderson, and bibliographical lists 
by Davis, all of which we found very useful 
and valuable, but evidently of somewhat 
more limited scope than the Glaisher- 
Cayley reports. 

Yet before any tables are calculated or 
reprinted, Glaisher remarks that it is 
absolutely essential to be certain that they 
are not already in existence or easily 
accessible, and we may at least agree that 
this is highly desirable. The vast prolifera- 
tion of mathematical tables since the 
1870’s has made it harder and harder to 
attain this certainty on the rather informal 
basis of the well-stored memories of a few 
scientists specially interested in the field 
of mathematical tables. You will appre- 
ciate the difficulty if I point out that our 
by no means complete card-index of 
mathematical tables contains about 5,000 
cards, of which about a thousand relate 
to items published in the last ten years. 

This card-index is arranged in alpha- 
betical order of authors, but requests for 
information usually reach us in the form, 
‘Do you know of any table of such and 
such a mathematical function?’ The first 
edition of our book consisted essentially 
of an index according to function of the 


most important tables up to, say, 1944, 
Only about two-thirds of the more recent 
tables have so far been indexed according 
to function, as far as work in Liverpool is 
concerned. Accordingly, it sometimes 
happens that to the question ‘Do you 
know of any tables of this function?’ 
we can answer ‘ Yes’ with certainty, but 
at the present stage of the work it rarely 
happens that we can answer ‘ No’ with 
certainty, unless we do rather a lot of 
time-consuming special searching. We 
are, however, convinced of the importance 
of carrying on the work of indexing 
according to function. When the second 
edition of our book appears, its Part [| 
will, as in the first edition, constitute an 
index, arranged according to type of 
mathematical function, of all the tables 
which have come to our notice and appear 
suitable for inclusion in a work which 
must necessarily be somewhat selective 
unless it is to grow intolerably. Perhaps 
I may also be allowed to say that the 
second edition will also contain an entirely 
new Part III, giving lists of errors in some 
five hundred of the more important tables, 
or references to places where such lists 
may be found. It was originally planned 
that this part should be contributed by 
the late Dr. Comrie, who did make a 
beginning of arranging and writing up 
his unique store of information relating 
to errors in tables. Our principal aim in 
continuing this editing has been to make 
the fruits of his lifelong interest in the 
detection of errors in tables publicly 
available, and so save important material 
from neglect. I am glad to say that this 
Part III is now almost completed. 
Finally, I suppose I ought to consider 
whether the need for mathematical tables 
of the ordinary kind is likely to be per- 
manent. Is pen-and-paper calculation, 
with or without the use of desk calculating 
machines, likely to become completely 
outmoded as more and more work is 
handed over to automatic computing 
machines? I imagine that most people 
will agree that this is not very likely. 
Pieces of work have to be rather large and 
systematic before they are worth doing 
on automatic computers. It seems to me 
that in the kind of activities which I 
mentioned at the beginning of this talk, 
there will always be plenty of occasions 
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on which people will need to perform 
casual calculations or systematic compu- 
tations of limited extent. If one is given 
a problem in which numerical answers 
are required, one often has to do quite 
a lot of exploratory work before one hits 
on a reasonably practical method of 
obtaining the required answers. Moreover, 
the answers are not always wanted for a 
large number of cases corresponding to 
different numerical data. Sometimes they 
are wanted for only one or two cases, and 
it is a matter of performing one or two 
long computations of a varied character 
rather than of repeating a definite 
sequence of steps a large number of times. 
I imagine that for a long time yet there 
will be plenty of people in research 
establishments and elsewhere turning the 
handle, or pressing the button, and look- 
ing values up in tables. No doubt the 
range of mathematical functions which 
they require to have available in numerical 
form, like the range of mathematics which 
they require generally, will expand and 
alter and develop. Rather than the demise 
of ordinary mathematical tables, I antici- 
pate their improvement and extension. 


Tue Use or PuNcHED CARDS IN SCIENCE 
AND ADMINISTRATION 


by 
A. Young 


THE ever increasing size and scope of the 
archives containing the information upon 
which our modern society depends for its 
functioning give rise to problems of ad- 
ministration and documentation which, 
if unsolved, would delay society’s further 
development. 

In the eighteenth century, when the 
complete documentation of knowledge 
was the aim of the great French encyclo- 
pedists, their task seemed to have sufficient 
prospects of being successfully completed 
to justify the attempt. To-day their 
successors are steadily losing ground. It 
is, for example, reported that the eighth 
edition of the Gmelin Handbuch which covers 
the field of inorganic chemistry may well 
be the last. It will have taken over forty 
years to prepare this edition when it is 
finally completed. The editor has written 
that the era of the classical handbook is 
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approaching its end. The reason is not 
far to seek. In the two hundred years 
preceding 1926, the date of publication 
of the volume on Zinc in the eighth 
edition of the Gmelin Handbuch, 7,281 pub- 
lications concerning this metal had been 
recorded. In the following twenty-three 
years, 19,431 publications have been 
recorded. This volume of scientific pub- 
lication has led to the assertion by the 
editor of the Handbuch that, ‘ It has now 
become evident that what can be accom- 
plished by printing is now approaching 
its limit, in fact, may have already reached 
it even to-day’ (1) (p. 429) Anyone 
who has had the experience of searching 
the literature of an ill-documented branch 
of science must have considerable sym- 
pathy with this view. The basic problem, 
however, remains that which prompted 
the encyclopedists—the presentation in 
readily accessible form of all useful know- 
ledge. ‘The difficulty,’ according to 
Vannevar Bush, ‘seems to me, not so 
much that we publish unduly in view of 
the extent and variety of present day 
interests, but rather that publication has 
been extended far beyond our present 
ability to make real use of the record’ 
(2). 
The problem is not unique to science 
for it is endemic in society. To take but 
one of a host of examples from industry 
and commerce, from 1910 to 1939 the 
total volume of industrial assurance 
business in Britain quadrupled. To-day 
one company, accounting for some 15 per 
cent. of the total new business transacted, 
issues about a million new policies per 
year. Each policy is an_ individual 
financial contract between the issuing 
company and the policy holder, and 
involves the weekly or monthly payment 
of a premium. In the field of British 
industrial assurance alone, therefore, some- 
thing of the order of 200 million financial 
accounts have to be itemised every month. 
The regular perusal of this vast number 
of records necessitates the maintenance 
in a readily accessible, and extremely 
flexible, form of all the data relevant to 
each aspect of the administration of the 
business. 

The solution of the administrative 
problem in the insurance field has, in the 
main, but not entirely, been due to the 
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adoption of mechanised accounting based 
on punched-card techniques. 

When Hollerith realised that the mere 
volume of material to be collected by the 
decennial census of the U.S.A. in 1890 
would defeat the digestive powers of con- 
ventional methods of recording and analys- 
ing data, he set about devising a workable 
method of recording information on cards 
by means of punched holes which could 
be used to actuate the mechanism of 
machines capable of performing certain 
simple operations at speed. He was not 
the originator of the idea for it was clearly 
envisaged by Babbage many years before, 
but where Babbage failed, Hollerith 
succeeded in developing the equipment 
and technique to the point at which they 
were suitable for general use. 

Conceived originally for use in scientific 
calculations of simple nature but large 
extent, Hollerith’s machines were in- 
tensively developed because of the appli- 
cation to commerce of their accounting 
and book-keeping facilities in indexing, 
extracting and collating information. It 
is as ‘ accounting machines ’ that they are 
now known. Their characteristic virtues 
are the speed at which simple repetitive 
operations can be performed, reliability, 
and flexibility leading to ease of changing 
programmes of work. Major industrial 
and commercial applications of these 
machines to stock analysis, maintenance 
of sales records, production of salary rolls, 
invoicing, etc., clearly make full use of 
these virtues. In fact, the problem of 
machine utilisation is seldom ‘ Can the 
machine do it?’ but ‘ Are there enough 
operations of the particular type required 
to ensure the economic use of the expensive 
machinery?’ This exposes the major 
limitation of the equipment. It is seldom 
economical when used on tasks which do 
not involve really large quantities of data 
and also much repetitive handling. 

In the commercial world, however, 
there are many businesses whose records 
are large but not quite extensive enough 
to justify the use of punched-card 
machinery. Loose leaf files and simple 
card indexes have largely replaced the 
old fashioned bound ledgers but these 
expedients fail as soon as multiple classi- 
fication of records is required owing 
largely to the fact that sorting and re- 


arranging card indexes is a painfully slow 
procedure. The concept of the original 
punched card applied to the simple card 
index has produced the edge-punched 
card index system which combines facility 
for rapid sorting with economy, whatever 
the size and complexity of the task to 
which it is applied. These cards are sorted 
manually at great speed with the aid only 
of a simple knitting needle. 

The chief scientific application of such 
cards is identical in principle with their 
use in industry and commerce. Casey and 
Perry record many applications including 
the geochemical classification of coal 
specimens, anaesthesia records, textile 
factory production control and systematic 
indexing of organic chemical compounds, 
These cards find perhaps their greatest 
potential use in the field of bibliography 
where they are, in fact, already in wide- 
spread use. A card carrying an abstract 
of a scientific paper can be punched to give 
such details as author, source reference, 
date, main and numerous minor subject 
classifications, and so on. An index con- 
taining such cards will quickly answer 
such queries as ‘Has anything been 
published relating to the application of 
matrix methods of solving integral equa- 
tions arising in aerodynamic supersonic 
flow problems ? ’ 

Card systems of this type are available 
made from sensitised material suitable for 
photo-copying processes or with frames 
into which micro-films can be inserted. 
The latter suggests the filing of whole 
libraries in punched card indexes. It 
seems that the role of the encyclopedist 
has been taken over by the abstractor and 
card indexer. 

Mechanically sorted punched card 
systems, of course, can be, and are, used 
for this type of work, but are not so flexible 
in many ways. The possibility of using 
mechanically sorted punched cards to 
produce printed bibliographical records 
should, however, be mentioned. 

Coding cards for scientific uses is a 
fascinating art, as yet in its infancy. What 
is an efficient code in one application may 
be grossly inefficient elsewhere. For ex- 
ample, a bibliographer confining his atten- 
tion solely to geophysical works, would 
find it necessary to include certain branches 
of archaeology as sub-classification head- 
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ings when dealing with geodynamical 
papers. The system of classification in 
this instance would clearly confound the 
users of a general library catalogue! It 
might also be pertinent to remark that 
coding requires the resolution of a dilemma, 
since card economy, simplicity of coding, 
card preparation and sorting, are to some 
extent mutually exclusive. If, for ex- 
ample, classification should prove adequate 
using say five letters from the author’s 
name, it would be possible, assuming the 
English alphabet, to allot five twenty-six 
hole fields for the purpose. Card prepara- 
tion and sorting would be simple at the 
expense of card economy. However, of 
the large number of possible five-letter 
combinations, a large proportion would 
never in fact occur ; a binary code using 
ten holes would give 2,047 five-letter 
combinations which might be adequate 
in practice and so provide maximum card 
economy with easy sorting but would 
require a coding index to which every 
user would need to refer. 

In the field of scientific computation, 
applications of punched card systems are 
widespread. The impact of electronic 
engineering has led to the introduction 
of machines capable of performing much 
more sophisticated operations than the 
original range of equipment and conditions 
are rapidly being changed by these de- 
velopments. But such machines are as yet 
not widely available, and at least for small 
or medium scale computing establish- 
ments, punched card computing is virtu- 
ally confined to the use of the standard 
equipment in common use commercially. 
The basic equipment necessary includes 
the sorter, reproducer, tabulator and col- 
lator. The tabulator, which is essentially 
an adding machine, is used for multipli- 
cation by the adopting of one of several 
ways, all of which typify the dictum that 
the use of the equipment is only justified 
for large-scale repetitive work. Iterative 
processes do not often prove economical 
on this equipment. 

The machines have found wide appli- 
cation in statistical work where they are 
eminently useful for the evaluation of the 
lengthy sums of products which frequently 
occur. They are used for this latter pur- 
pose in crystallographic research involving 
Fourier synthesis and also in the general 
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field of analysis of time series and Fourier 
Analysis. 

Table makers have frequent recourse to 
the machines for the preparation of dif- 
ference tables and, more important, for 
the making of tables by sub-tabulation 
processes. As an indication of the speed 
of operation, an 8 decimal place table 
containing 1,000 values of a certain 
function was produced by sub-tabulating 
a table of 100 pivotal values to tenths in 
one afternoon’s work on a tabulator. This 
included the time taken to travel to the 
installation and also to set up the machine. 

There is a growing number of mathe- 
matical tables recorded on punched cards. 
As an example, in many problems 
functions are well represented by sums of 


exponential terms >Aje*i*, Since a change 


+ 

in the parameter k; is equivalent to a 
change in the interval of the argument 
x, it is only necessary to prepare a set of 
cards of e* at a suitable interval in x as 
argument. To extract the tabular values 
required, k;x is punched on to a set of 
cards and this set, together with the table 
set, are passed through a collator which 
sorts out the cards in the table correspond- 
ing to the values required. Obviously the 
economy of this process depends on large 
scale need, but this does occur sufficiently 
often to justify the preparation of such sets 
of tables. 

Applications of the more sophisticated 
but less accessible punched card electronic 
equipment include the following, taken at 
random from published papers : 

‘A punched card application of the 
Monte Carlo method’ ; 

‘ Automatic computation of the roots of 
complex polynomial equations ’ ; 

‘ The calculation of complex hypergeo- 
metric functions ’ ; 

‘ Numerical calculations of integrals of 


the type fle g(x) dx? 


This equipment is, of course, capable of 
handling routines which do not involve 
large masses of data. 

Just as punched card equipment manu- 
facturers are utilising the development of 
the electronic engineer, so the engineers 
responsible for some of the automatic 
sequence controlled electronic calculators 
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are using punched card equipment to 
overcome difficulties with their machines. 
Several are using punched cards to feed 
data into their calculators and also use 
punched card printing equipment to 
record results. 

It is unfortunately the case that, although 
there is adequate provision for the dis- 
semination of knowledge about the use of 
punched card equipment deliberately 
designed for scientific computing, more is 
known about computing with the machines 
in general commercial use than has been 
published. Much of the ‘ know-how,’ 
particularly in regard to time-saving de- 
vices, is communicated privately between 
initiates when they meet. This is partly 
because of the difficulty of finding journal 
editors willing to publish the technical 
details relevant to the consolidation of 
punched card techniques at a time when 
automatic computing development is so 
spectacularly influenced by the large 
electronic machines. L. J. Comrie (3) 
contended that ‘ the discovery of the use- 
fulness of an available commercial machine 
at least ranks with the design of special 
machines, and it is emphatically urged 
that the possibilities of existing mass- 
produced machines should be exhaustively 
explored before design is even contem- 
plated.’ One need not agree with the 
entire implications of this remark to 
realise its value. 

Since punched card installations are 
often employed commercially to deal with 
very large seasonal floods of work, the 
users are, in our experience in Liverpool, 
quite often willing to allow one to make 
use of the machines during the ‘off 
season ” at little or no expense. The value 
of this to small or medium scale computing 
establishments is obvious, and would make 
the further exploration of punched card 
techniques well worth while, even if no 
other reasons existed for doing so. It 
presents a stimulating challenge of im- 
provisation to the computer because, in 
Britain at any rate, he will often have to 
adjust his methods to suit machines 
designed for use with sterling currency. 

Examination of machine design shows 
that, in theory, small accounting machines 
such as the National can be used to do 
almost everything that a tabulator can do. 
In Liverpool we have shown by experi- 


ment that the adoption of edge-punched 
cards makes it practicable to use tabulator 
multiplication techniques on the National 
accounting machine and in some circum- 


stances it is the most economical method ° 


for small computing establishments to 


adopt. So far as we know, this is the first © 


application of edge-punched cards to 
actual computing techniques. 

In conclusion it might be useful to 
indicate a use of edge-punched cards as an 
effective ancillary aid to computing. In a 
recent investigation seventy-two consecu- 
tive monthly values of each of the moments 
and products of inertia of the Earth’s 


atmosphere were calculated from recorded — 


pressure data which were unfortunately 
presented as functions of place and time, 
with place the main argument, so that, in 


order to find if data for a particular station _ 


were complete, seventy-two different pages 
of six different volumes had to be con- 
sulted. In practice all the data were col- 
lated by being extracted on to ruled paper 
with time as the main argument. Stations 
with incomplete records were then re- 
jected, or where necessary absent records 
were interpolated. Where changes had 
occurred at stations during the six-year 
period, the data had to be adjusted so 
that records were consistently based 
throughout the period. In other words, 
the data required severe editing before 
computing began. This work took three 
months to complete. For each of 350 
stations finally used, factors were calcu- 
lated relevant to the required moment or 
product and finally pressure data and 
factors were punched on to cards, there 
being one card per station per year. Over 
155,000 individual products (pressure x 
factor) were required to be summed in 
over 500 different runs. 
in a few hours on a tabulator. rtain 
points are worth noting. This amount of 
product summation could be done in a 
matter of minutes on modern automatic 
sequence controlled computers at the rates 


of multiplication claimed, but in fact the © 


time saving would have been a negligible 
part of the total time taken for the project, 
since the data had to be prepared, cards 
(or tape) punched and results printed. 
For this type of work punched card 
techniques are more economical than 
those of giant electronic machines. 
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The extraction of the data from the 
original source directly on to edge-punched 
cards, however, would have saved hours 
of editing time because of the ease with 
which individual station records could 
have been inspected and adjusted. This 
saving would, by itself, have justified the 
use of edge-punched cards prior to the 
preparation of cards for use with the tabu- 
lator, but had the particular investigation 
been for only a year, say, the edge-punched 
cards would have been ready for immediate 
use in conjunction with a National 
accounting machine. The time lost com- 
pared with the faster tabulator process 
would have been largely offset by the time 
saved in card preparation and verifica- 
tion, and by the financial saving due to 
the use of much cheaper equipment. 
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Woodlands, private, W. T. Smith, 39, 317 

= societies, Lloyd o.. Owen, 39, 


= Miss J., Docks industry, 39, 

Woo.rpripcE, Dr. W. R., Animal welfare, 
89, 319, 324 

“a honeybees, Dr. C. G. Butler, $7, 

WORTHINGTON, D. B., Job changing, 39, 


16 
WRIGHT, J., Isodynamometer, 39, 315 


Chemotherapy and 


Uncertainty 
C., Computing 


X-ray spectroscopy, Prof. H. W. B. 
Skinner, 39, 312” 


YersurY, E., Science in school, 39, 319 

YorxKE, R., Electro-mechanical analogies, 
89, 315, 322 

Youns, A., Punched cards, $9, 312, 40, 439 


ZAUSMER, Dr. D. M., Tics in childhood, 
39, 316, 323 

Zoolo Malaya, Prof. R. D. 
Purchon, 39, 3 


LONGMANS 


Chemical Reference 


books for 
1954. 


Completion of 


THORPE’S DICTIONARY 
OF APPLIED CHEMISTRY 


Volume XI (So-Z) completes the Fourth 
Edition of “‘ Thorpe”, with the exception of 
the General Index, to be published shortly as 
Volume XII. The edition embraces numerous 
developments in applied chemistry which have 
taken place since the Third Edition. 


1125 pages, with diagrams. Probably 140s. 
February. 


Completion of 


AN ADVANCED TREATISE 
ON PHYSICAL CHEMISTRY 


J. R. PARTINGTON, M.B.E., D.Sc. 


This volume which completes this compre- 
hensive treatise on advanced chemistry will deal 
with molecular spectra and molecular structure, 
and with dielectrics and dipole moments. The 
first part assumes no previous knowledge and 
the necessary mathematics is given in the text. 
Special attention is given to valency and modern 
views on structure. The section on dielectrics 
includes alternating current theory and modern 
shortwave methods. Dipole moments are 
treated very completely, both from the experi- 
mental and theoretical sides, and examples of 
their use are given. There is a short treatment 
of ferroelectrics. Late Autumn 


Supplement to 


MELLOR’S 
TREATISE ON INORGANIC 
AND THEORETICAL 
CHEMISTRY 


The supplement to Méellor’s Treatise on 
Inorganic and Theoretical Chemistry will be 
comprised of a series of volumes, keyed closely 
to the original, presenting all the new matter 
published since the original date of compilation. 
Supplementary Volume 1, The Halogens. 
Late this year. 


6-7 Clifford Street, London, W.1 


NEW BOOKS 


Metallurgy of the Rarer Metals 
General Editor H. M. Finniston, Ph.D., Head of 
Metallurgy Division, Harwell. 


No. 1 Chromium. By A. H. Sully, Ph.D. 

‘ow ready. Price 35s. 

No. 2 Zirconium. By G. L. Miller, Ph.D. 

Now Sp Price 45s. 

These two volumes are the first of a series which 

will provide a readable work of reference on the 

background and the metallurgical, chemical and 

physical data of the metal concerned, and which 

will contain all the published information on each 
metal at the time of going to press. 

’ Subsequent volumes will cover titanium, molyb- 
denum, platinum and the metals allied with it, 
manganese, and uranium. 

The Nature and Structure of 
Collagen 

Edited by Professor }. T. Randall, F.R.S., London 
University. Price 42s. 
The papers collected in this volume were read at 
a Discussion organised by the Colloid and Bio- 
physics Committee of the Faraday Society held 
in March, 1953. After an introduction by Pro- 
fessor J. T. Randall, F.R.S., the volume opens 
with a histological survey of normal connective 
tissues. Thereafter, the papers range widely 
from the study of normal and abnormal tissues 
to the biochemistry and detailed fine structure of 
the fibrils, yet maintains a firm balance between 
the biological, chemical and physical interests. 

A leaflet giving the titles of the papers read and 
the authors of each paper is available post free. 


Chemistry of The Lanthanons 
By R. C. Vickery, D.Sc., Melbourne University. 
Price 35s. 
Acomplete text to the chemistry of the rare earths 
for inorganic and physical chemists. Opening 
with a description of the physical and chemical 
properties of the family, the major part of the book 
1s devoted to separational techniques. The pro- 
perties of the light and heavy lanthanons are 
discussed in detail, and the book concludes by 
describing analytical techniques and the uses of 
the family. 
High Voltage Laboratory 
echniques 
By #. D. Craggs and #. M. Meek, University of 
Liverpool. Price 65s. 
This book, intended primarily for graduate elec- 
trical engineers and physicists who are engaged 
in high-voltage research or in the design and 
operation of high-voltage equipment, sum- 
marizes the many advances that have been made 
during recent years in the techniques used for 
the production and measurement of high vol- 
tages. The techniques described include those 
used in the construction and application of high- 
voltage apparatus, emphasis being given to the 
techniques normally used in high-voltage labora- 
tories. The physical principles and the prac- 
tical details involved are fully discussed, with 
theoretical treatments of the performance of the 
apparatus, where possible. 


a hie Methods of 
Inorganie Analysis 
By F. H. Pollard, B.Sc., Ph.D., and F. F. W. 
McOmie, M.A., D.Phil. Price 30s. 
This book provides an introduction to the use of 
filter paper and cellulose as a means of separat- 
ing inorganic compounds. A full list of solvent 
mixtures is given and two complete schemes of 
pongo analysis are explained in detail. On 
¢ quantitative side a number of well-tried esti- 
mations are given in full. 


Twinnin and Diffusionless 


Transformations in Metals 
By E. O. Hall, M.Sc.; Ph.D., University of 
Sheffield. Price 30s. 
This monograph surveys the whole field, the 
crystallography and the deformation studies on 
various metals, It examines the help recent 
theories can give in explaining experimental 
results, and also covers a ae closely 
allied to usionless type of 
phase change. 
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Freshwater Microscopy 
By W. J. GARNETT, M.Sc., F.R.M.S. 
Demy 8vo. 300 pages. Illustrated. 30s. net. 


ai 


This book has been written from a practical standpoint with a view 
to assisting the beginner in the collection, examination and preliminary 
identification of the microscopic animals and plants found in fresh water. 
It is illustrated with 50 text figures and over 200 photomicrographs of 
living organisms, most of which have been specially taken for this book. 


Comparative Embryology 
of the Vertebrates 
By O. E. NELSEN, Ph.D. 
Med. 8vo. 982 pages. Illustrated. 63s. net. 


Eleetron Structures of 
Organie Molecules 
| By L. N. FERGUSON 
Med. 8vo. 335 pages. Illustrated. 48s. net. 


High-Energy Particles 
By BRUNO ROSSI 
Med. 8vo. 569 pages. Illustrated. 65s. net. 


Quantum Chemistry 
By K. S. PITZER 
(Professor of Chemistry, University of California) 


8vo. 529 pages. Illustrated. 63s. net. 


The Science of Colour 
The Committee of Colorimetry, Optical Society of America. 
Royal 8vo. 385 pages. Many Coloured Plates. 63s. net. 


The Hill of Light 


A Story of the Badgers and their Neighbours on Goleufryn 
“The Hill of Light.” 
By G. D. ADAMS 
With an Introduction by Frances Pitt 
Crown 8vo. 200 pages. 12s. 6d. net. 


CONSTABLE & CO. Ltd. 
10 ORANGE ST., LONDON, 
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The Elements 
of Nuclear Reactor Theory 
SAMUEL GLASSTONE and MILTON C. EDLUND 


This book is based upon the course on Nuclear Reactor Theory 
given at the Oak Ridge School of Reactor Technology. It has been 
written for engineers and scientists who plan to enter the fields of 
nuclear science and engineering. The main body of the book is de- 
voted to the fundamental principles involved in the calculation of the 
critical conditions for thermal-neutron chain-reacting systems. 
Illustrated, 35s. 


Physies in Chemical Industry 

R. C. L. BOSWORTH, Ph.D., D.Sc., F.dInst.P. 
Dr. Bosworth provides in summary form an account of the mathe- 
matics, mechanics, properties of matter, thermodynamics, kinetic 


theory and other aspects of applied physics as these subjects are 
required in chemical industry. Illustrated. £3 10s. 


F. O. BOWER, D.Sc., LL.D., F.R.S. 
Revised and Edited by C. W. WARDLAW, Ph.D., D.Sc., F.R.S.E. 


A series of essays presenting the major aspects of botanical science 
and the manifold activities and relationships of living plants. It 
meets the requirements of University students in both science and 
medicine. 4th Edition. Illustrated. 36s. 


Sourcebook on Atomic Energy 
SAMUEL T. GLASSTONE, D.Sc., Ph.D. 


This authoritative work discusses in clear and simple terms the whole 
absorbing story of atomic energy, its historical development, its 
present status, and possible future. Illustrated. 28s. 


The Floral Year 
L. J. F. BRIMBLE, B.Sc., F.L.S., F.R.S.A. 


“With a lucid manner and an easy handling of scientific facts, the 
writer has given us a volume which will be widely welcomed by 
the lover of wild flowers.”—Sunday Times. 


Fully illustrated with coloured plates, photographs and drawings. 21s. 


Maemillian & Co... Ltd. 
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Botany of the Living Plant : 


Landmark in (resin development 


Just as the first synthetic resins exhibited great advantages over natural 
resins and gums, so they in turn are now outstripped by the phenomenal 
advance represented by Epikote Resins. This new range — of major 
importance to the surface coatings and plastics industries — marks the 
successful outcome of research by Shell in the resin field. Epikote 
Resins, an entirely new class of condensation polymer, bring together, 

for the first time to an outstanding degree, the four 

most desired qualities of toughness, flexibility, adhesion and chemical 
resistance. The availability of Epikote Resins in commercial quantities 
now opens up possibilities for improved formulations on the widest scale. 


Epikote Resins from Shell Chemicals 


SHELL CHEMICALS LIMITED, NORMAN HOUSE, 105-109 STRAND, LONDON, W.C.2 
EPIKOTE is a Registered Trade Mark 
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Making a note of it... 


Today, practically everything that instruments have to say to 
the observer can be recorded photographically, enabling tran- 
sient and cyclic phenomena to be presented in permanent form 


for analysis and interpretation at leisure. 


All over the world, in research laboratories and on the pro- 
duction lines of industry, ILFORD sensitised materials play 
a vital part in this important process, everywhere providing 
essential information for scientists and technicians who want 
to “make a note of it”. 


PLATES, FILMS & PAPERS 


In the service of Science 


ILFORD LIMITED - ILFORD LONDON 
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CARBIN 


THOS FIRTH 


An Illustrated Weekly Journal 
THE RIGHT ACCOMPANIMENT TO A COURSE OF STUDY 
WRITE TO THE MANAGER FOR A FREE CURRENT COPY | 
Offices 35 & 36, Bedford Stcand Londen 
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Chemicals 


Or 


Science 


Hopkin & Williams Ltd. have been famous for over 100 years as 
manufacturers of pure chemicals for research and analysis. From the 
early days of the Company when the demand for special compounds 
was beginning to assume importance, until the present day when over 
5,000 items are listed in the H. & W. Chemical Catalogue, Hopkin & 
Williams Ltd. have always maintained a high standard for all the ranges 
of chemicals listed, ‘ AnalaR’ Reagents being a particular example. 
With modern Research, Development, and Analytical Laboratories, 
coupled with an efficient warehousing organisation, Hopkin & Williams 
Ltd. are in a position to meet the growing and often urgent needs of 
every branch of science. 


Hopkin & Williams Ltd. are associated with Baird & Tatlock (London) 
Ltd., Howards of Ilford Ltd., and W. B. Nicolson (Scientific Instru- 
ments) Ltd. Hopkin & Williams are also a member company of 
Scientific Exports (Great Britain) Ltd., and are thus in a position to 
offer a complete and comprehensive service to laboratories dealing 
with many aspects of science all over the world. 


HOPKIN WILLIAMS LTD 


Manufacturers of pure chemicals for 
Research and Analysis 


FRESHWATER ROAD, CHADWELL HEATH, ESSEX 
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SCIENTIFIC INSTRUMENTS 


Pye pH measuring equipment is now being used in many fields where accuracy, stability 
and ease of operation are the overriding criteria. The electronic unit, which forms the 
basis of the Pye pH metering range, and which has been thoroughly proved by continu- 
ous use in many leading research laboratories, is now available in the following :— 


PYE UNIVERSAL pH METER 


(Cat. No. A.S. 11066) 
Portable—Direct reading 0-14 pH—Mains 
operated — Full mains stabilization — 
Manual or automatic temperature com- 
pensation—Open or enclosed electrode as- 
semblies included. 


PYE INDUSTRIAL pH AMPLIFIER 


(Cat. No. A.S. 11400) 
Links with standard controllers and recorders 
— Flame-proof case to B.S.S. 229/1946 — 
Combines all the features of the Universal 
Model — Specialised flow and immersion 
electrode systems. 


PYE COUNTER pH METER 


(Cat. No. AS. 11082) 
Automatic Self-Balancing Potentio- 
meter—Accuracy 0.01 pH—Automatic 
Zero Setting—Measurement appears 
on a four figure mechanical counter— 
Full range o-14 pH—Plus all the 
features of the Universal Model. 


Our technicians are available to advise on research or industrial pH problems. 


W. G. PYE & CO. LTD., GRANTA WORKS, CAMBRIDGE, ENGLAND 
Telephone: Cambridge 4032 Telegrams: Pye—Cambridge 
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Assembling the com- 
ponent parts of a Mullard 
thyratron. 


PROGRESS IN ELECTRONICS 


The utilisation factor of an electric- 
ally powered machine is often dependent 
upon the flexibility of its motor. Until 
quite recently all motors were controlled 
by conventional electro - mechanical 
equipment. Today, however, an in- 
creasing number are controlled by an 
electronic valve known as a thyratron. 
The thyratron is a device which can 
convert alternating current to direct 
current and, at the same time, can 
regulate the amount of current —and 
thus the amount of power—released to 
the motor. 

The great advantage of the thyratron 


is its extreme flexibility which permits 
infinitely variable control of motor 
speed and direction. It thus enables 
full advantage to be taken of recent 
developments in the field of automatic 
control with all its attendant economies 
in overheads and manpower. 

Mullard produce a wide range of 
thyratrons for a great variety of appli- 
cations. In addition to motor control, 
Mullard thyratrons are today leading to 
increased efficiencies in lighting and 
heating systems, in servo-mechanisms, 
in resistance welders, relays and regulated 
voltage devices. 


ullard 


MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 


Factories at: BLACKBURN ~- FLEETWOOD - GILLINGHAM - HOVE - LYTHAM-ST. ANNE’S 
MITCHAM - RAWTENSTALL - WADDON - WANDSWORTH - WHYTELEAFE (MP418K) 


1x 


— lll ( 


Introduction to 
Tensors, Spinors 
and Relativistic 


Wave-Equations 
(Relation Structure) 


E. M. CORSON, 
Ph.D. 

This book consists of two parts—Mathe- 
matical Foundation and Physical Principles. 
The first part deals with Tensor Analysis 
and Spinor Analysis; the second with 
General Field Theory and Relativistic 
Wave-Equations, both Field Aspects and 
Matrix-Algebraic Aspects. There is an 
extensive Bibliography. 
235 pages 104” x 7” 


A Textbook 


of Mechanies 


A TEXTBOOK FOR ENGINEERING 
DEGREE STUDENTS 


J. G. JAGGER 
M.A., Wh.Sc.) A.M.I.Mech.E., 
A.M.LE.E. 


55s.net. 


This book covers the whole ground of 
mechanics needed by the engineering student 
at a technical college. The author is an ex- 
perienced teacher who has provided many 
examples worked out in full detail as well 
as very many for the student. 

Vol. I. Statics and Dynamics 30s. net. 
Vol. II. Mechanics of Machines 17s. 6d. net. 
Vol. IIT. Elasticity and Vibrations 17s. 6d. net. 
Vol. IV. Hydraulics 17s. 6d. net. 

Complete 60s. net. 


Foundations of 
Engineering 


Science 


A TEXTBOOK FOR NATIONAL 
CERTIFICATE ENGINEERING 
STUDENTS 


L. PILBOROUGH 
A.M.LE.E., A.M.LE.I. 


This manual contains all the student will 
want to know to begin with in Statics, 
Dynamics, Machines, Heat, Fuels, and 


Hydraulics. 

480 pages 7h” Xx 5” 15s. net. 

BLACKIE & SON, LTD. 
Enquiries to: 


17 STANHOPE STREET, GLASGOW, C. 4 


Some Recent 
Oxford Books 


THE CHEMISTRY 
OF THE MORPHINE 
ALKALOIDS 
By K. W. BENTLEY 
50s. net 


The first volume of a new series entitled 

Monographs on the Chemistry of Natural 

Products under the general editorship of 
Str ROBERT ROBINSON 


* 


Three new volumes in the INTERNATIONAL 
SERIES OF MONOGRAPHS ON PHYSICS: 


GEOCHEMISTRY 
By the late V. Mc. GOLDSCHMIDT 
Edited by ALEX MUIR 
635. net 


ELECTRICAL 
BREAKDOWN OF GASES 


By J. M. MEEK and 
J. D. CRAGGS 
60s. net 


DISLOCATIONS 
AND PLASTIC FLOW 
IN CRYSTALS 
By A. H. COTTRELL 
25s. net 


* 


PLANT RESPIRATION 
By W. O. JAMES 
30s. net 


CLIMATES OF THE 
CONTINENTS 
By W. G. KENDREW 
FOURTH EDITION _ 505. net 
OXFORD 
UNIVERSITY PRESS 
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SCIENTIFIC 


Messrs. H. K. LEWIS can supply from stock or to order any book on 
the Pure and Applied Sciences. Catalogues on request. 


CONTINENTAL AND AMERICAN works unobtainable in this 
country can be secured under Board of Trade licence. 
SECOND-HAND SCIENTIFIC BOOKS 


An extensive stock of books in all branches of Pure and Applied Science may be seen in this 
department. Large and small collections bought. Back volumes of Scientific Journals. 


SCIENTIFIC LENDING LIBRARY 


Annual Subscription from Twenty-five shillings. Prospectus post free on request. 


THE LIBRARY CATALOGUE, revised to December, 1949. Pp. xii + 1152. 
To subscribers 17s. 6d. net., to non-subscribers 35s. net.; postage 1s. 3d. Bi-monthly 
List of New Books, and new editions added to the Library sent post free to subscribers 
regularly. Supplement 1950 to 1952. To subscribers 3s. net; to non-subscribers 6s. net; 
postage 6d. 


on | K. LEWIS & Co. Ltd. 


Telegrams: “‘Publicavit, 136 GOWER STREET, LONDON, W.C.1 


Westcent, London ” Established 1844 


PHOSPHORUS 


_Amorphou 
Phosp 


Thiophosphates 
Anti-foam Agents Catalysts 


roofing Penicillin Catalysts Wool Electrolytic Soft Drinks Activated Metal 
lutions Dyeing Polishing Carbon Cleaning 


“Pyropnosphates | 


Crease Dentifrice Fire Proofing Y: 
Resistant F 
Finishes and Fabric 


Oil Well Deflocculation Water 


Drilling essing Treatment 


Chart of Phosphorus Derivati 
Manufactured by 


LB 
ALBRIGHT & Witson 


\ 
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Four Electronic Engineering ’’ Monographs 


RESISTANCE STRAIN GAUGES 


| By J. YARNELL, B.Sc., A.Inst.P. Price 12/6d. 


This book deals in a practical manner with the construction and application of resistance strain gauges and 
| with the most commonly used circuits and apparatus. The strain-gauge rosette, which is finding ever wider 
application, we treated comprehensively, and is introduced by a short exposition of the theory of stress and 
strain in a surface. 


 ELECTROPHYSIOLOGICAL TECHNIQUE 


By C. J. DICKINSON, B.A., B.Sc. (Magdalen College, Oxford) Price 12/6d. 


|| The author describes the use of electronic methods as applied to research in Neurophysiology. Chapters 
ij are devoted to amplifying, recording and stimulating techniques used in physiology and medicine (e.g. electro- 
| | cardiography, electroencephalography, etc.). 


VOLTAGE STABILIZERS 


By F. A. BENSON, M.Eng., A.M.I.E.E., M.I.R.E. Price 12/6d. 
The subject of voltage stabilization is now very extensive and the newcomer will experience considerable 
difficulty in extracting the information required from the mass of published literature in a wide range of 


scientific periodicals. This monograph aims at removing such difficulties by reviewing the various methods 
of stabilization in use. 


CATHODE RAY TUBE TRACES 


By H. MOSS, Ph.D. Price 10/6d. 


This monograph contains the elementary theory of common types of traces with notes on their production. 
Emphasis has been placed on the geometrical interpretation of the patterns. Full notes on the techniques 
of the circuits required for the high degree of suitability are given at the end of the book. 


ELECTRONIC ENGINEERING 
28 ESSEX STREET, STRAND, LONDON, W.C.2 
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CLIMATOLOGICAL ATLAS OF THE BRITISH ISLES 


Containing over 260 maps and diagrams showing the geographical distribution of the principal 
weather elements, this book is the first of its kind to be published about the British Isles. 
Indispensable to organisations concerned with plans to meet the varied needs of human, 
animal and vegetable life, the atlas should find a place in the reference room of every library. 


Price 52s. 6d. By post 53s. 7d. 


HER MAJESTY’S STATIONERY OFFICE 


York House, Kingsway, London W.C.2; 423 Oxford Street, London W.1 (Post Orders: P.O. Box 569, London 
S.E.1); 13A Castle Street, Edinburgh 2 32? King Street, Manchester 2: 2 Edmund Street, Birmingham 3; 
1 St. Andrew’s Crescent, Cardiff; Tower Lane, Bristol 1; 80 Chichester Street, Belfast, 

OR THROUGH ANY BOOKSELLER 


Research... 


Each of the many producing units of this organisation has its own research 
laboratories, but the specially equipped Research and Development Department 
now centralised in the new Swinden Laboratories at Rotherham has a wider 


and more fundamental function. 
THE UNITE 


It covers the whole iron and steel making field, from the raw materials to the 
finished product and consequently necessitates close co-operation not only with 
other steel companies in Great Britain and abroad, but also with allied workers 
in numerous research associations and universities. 


THE UNITED STEEL COMPANIES LIMITED, 17, Westbourne Rd., SHEFFIELD 10 
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CHAPMAN & HALL 


Size: 134" x12" 


trons. 


or applied. 


Illustrated in colour 
With cone-shaped model of the periodic table 


A NEW PERIODIC TABLE 


OF 


THE ELEMENTS 


based on the 


STRUCTURE OF THE ATOM 


by 


S. I. TOMKEIEFF, 


D.SC., F.R.S.E., F.G.S. 


10s. net 


As has been shown during the last few decades, the periodic system of 
the elements is based on the ultimate structure of atoms, on their pattern 
as determined by the elementary particles—neutrons, protons and elec- 
The cone-shaped model of the periodic table is offered asa useful 
accessory for the study of physics, chemistry and any other science pure 


37 ESSEX STREET, LONDON, W.C.2. 


ROYAL 
TECHNICAL COLLEGE 
SALFORD 


Principal : 
P. F. R. VENABLES, Ph.D., B.Sc., F.R.I.C. 


FULL-TIME AND PART-TIME DEGREE 
COURSES in Engineering, Chemistry, 
Physics, Mathematics, Biology. 


FULL-TIME HIGHER DIPLOMA AND AS- 
SOCIATESHIP COURSES in * Building, 
Civil Engineering, *Structural En- 
gineering, Chemistry and Applied 
Chemistry, *Electrical Engineering, 
*Mechanical Engineering, *Textiles. 

* With industrial or practical professional experience. 


FULL-TIME COURSES in Art, Domestic 

Science, Intermediate Pharmacy, First 

- Medical, *Chiropody, *Sanitary In- 
spection. 

* With industrial or practical professional experience. 


Prospectuses of the various courses may be 
had from the College on application. 


H. H. Tomson, 
Clerk to the Governors. 


y= NEW 
BABCOCK 


INSTRUCTIONAL FILMS 


* FORGING 

* SEAMLESS TUBE MAKING 

* FOUNDRY PRACTICE 

* WELDING IN BOILER 
MANUFACTURE 


These new sound films, describing 
basic engineering processes and 
their practical application, are valuable in- 
structional aids for Universities, Technical 
Colleges and Training Establishments; and 
of much interest also for showing to 
Engineering Societies and Industrial per- 
sonnel. They are available for these pur- 
poses, on FREE LOAN, in both 16mm. and 
35mm. sizes, 
Other BABCOCK films 
on free loan: STEAM, 
PULVERISED FUEL, 
COMBUSTION and 
THE CHAIN GRATE 
STOKER 


Illustrated synopsis 
supplied on request. 


(Apply for these films from Publicity Dept.) 


BABCOCK & WILCOX LIMITED 


BABCOCK HOUSE, FARRINGDON ST., LONDON, E.C.4 
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The British Journal 
for the 


Philosophy of Science 


Volume IV. No. 16 


Contents of February Issue, 1954 


Is Physical Cosmology a Science ? 
Discussion between G. J. WHITEBROW 
and H. BoNDE 


The Role of Models in Physics 
E. H. Hutren 


William Whewell’s Philosophy of Science 
A. W. HEATHCOTE 


Evolution of Thinking R. J. PuMPHREY 
Notes and Comments 


Reviews 


single copy 7s 6d postage 3d 


annual subscription 30s post free 


NELSON Parkside Edinburgh 9 


at 


B. BLACK & SON, LTD. 
180 Goswell Road, 
London, E.C.1 


Telephone: 
CLERKENWELL 2908 


Telegraphic Address: 
“GASTHERMO, BARB, 
LONDON.” 


Specialists in Research Thermometry 


Fluid-in-Glass Thermometers, graduated on stem, for 

determining temperatures between — 200° C./+500°C. 

with an accuracy, corrections and permanency well 

within the limits permissible to obtain N.P.L. 
Certificates. 


The filling in the etchings is heat resisting and is 
insoluble in all solvents with the exception of those 
that attack the glass itself. 


Makers of Calorimeter Thermometers, also Hortvet 
Thermometers for freezing point depressions, 
etc., etc. 


Of all the principal Scientific Instrument and 
Laboratory Apparatus Manufacturers. 


MERCURY VAPOUR DETECTION 
in industry 

The toxic nature of only 15 microgrammes of Hg 
Vapour in 1 cubic metre of air in a confined space 
can prove a real hazard to operatives. Traces of 
Hg Vapour can interfere with semi-conductor 
research work and certain chemical processes. In 
contrast sub-toxic traces of Hg Vapour can be 
introduced into pressure lines to locate minute 
leaks, using the Hg Vapour Detector. 


Specialists in ultra-violet ray equipment 


HANOVIA LIMITED - SLOUGH - BUCKS 


T69 


No more longhand notes or 
checking for errors .... you can 


PHOTO-COPY ANYWHERE 


with a 


Contoura 
PORTABLE PHOTOCOPIER 


Once you combine a Contoura with your 
research work, there are countless occasions 
when it saves you time, and adds accuracy 
and authenticity to your records. No photo- 
graphic knowledge needed. Usable in normal 
lighting conditions. Designed specially for 
book copying. You put the prints in a black 
Contoura envelope and do the processing 
later, or we do it for you at special rates. 


“QUARTO” “FOOLSCAP’” ‘‘DOUBLE-FOOLSCAP” 
10” x 8” x 17” x 134” 


£13 10 £20 10 £35 


CONTOURA PHOTOCOPYING LTD. 
56 Islington Park St., London, N.1. (CANonbury 6190) 
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THE BRITISH 
INTERPLANETARY 
SOCIETY 


The B.I.S., with over 2,500 members, is 
now the largest organisation in the world 
devoted to astronautics. Its Journal pub- 
lishes lectures presented to the Society, 
gives an extensive news coverage, and con- 
tains a complete classified and indexed 
abstracting service on rocketry and allied 
sciences. 


Membership is open to all; Fellowship re- 
quires degrees or equivalent qualifications. 
Rates are as follows: Entrance Fee: 10/6; 
Fellowship: £2.12.6; Membership: £1.11.6 
(£1.1.0 if under 21). 


Details of the Society and its lecture pro- 
gramme may be obtained from the Secre- 
tary at: 


12 Bessborough Gardens, 
London, S.W.1 


THE SYNCHRONOUS INDUC- 

TION MOTOR J. GRIFFIN, A.M.1.E.E. 
With a Foreword by L. H. A. CARR, M.Sc. 
(Tech.), M.I.E.E. 
Demy 8vo. 


136 pages. 18s, net. 


ELECTRO-MAGNETIC MACHINES 
R. LANGLOIS-BERTHELOT, M.1.E.E., M.A.I.E.E. 
Translated and revised in collaboration with 
Lt.-Col. H. M. CLARKE, M.Sc., M.I.E.E. 

Demy 8vo. 544pages. 309 figs. 65s. net. 


DESIGN OF DIRECT CURRENT 


MACHINES L. GREENWOOD, M.1.E.E., 
M.I.Mech.E. ‘‘The book can be confidently 
recommended.’’—The Times Review of Industry. 
Demy 8vo. 222 pages. 211 ills. 25s, net. 


MODULATORS AND FREQUENCY 
CHANGERS 
For Amplitude-Modulated Line and Radio 
Systems. 
D. G. TUCKER, D.Sc., M.1.E.E. 
Demy 8vo. 232 pages. 115 ills. 


DIMENSIONAL ANALYSIS 
Prof. H. E. HUNTLEY, Ph.D., B.Sc., F.Inst.P. 
Demy 8vo. 158 pages. 20s. net- 


PRACTICAL METROLOGY, Vol. I. 
K. J. HUME, B.Sc., and G. H. SHARP. 
Cr. 8vo. 64 pages. illustrated. 6s. net. 


MACDONALD & Co. (Publishers) Ltd. 


16 MADDOX STREET, LONDON, W.1 
*Phones : MAYfair 1064, 5841-2 


28s. net. 


The SCIENCE 
READER’S 
COMPANION 


The constant and ever increasing 
use of scientific words and terms 
is daily becoming more evident, 
and the average person to-day is 
not indifferent to the role science 15/ “ 
is playing in his life. Heis display- 


FROM YOUR 
BOOKSELLER 


inga lively and deeply concerned WRITE TO 
interest,and is keen to understand WARD LOCK 
the far-reaching changes which DEPT. (A) 
the adi f sci are pro- 
of science are p PRETORIA RD. 
ducing. It is the purpose of this 
LONDON, N.18 


companion to serve this new 
and significant interest by giving FOR 
clear and explicit definitions of 
words likely to be encountered 
by the non-specialist reader and 
student. Fully Illustrated. 


ILLUSTRATED 
LEAFLET 


WARD LOCK 


SPOTTISWOODE 
BALLANTYNE 


AND COMPANY LIMITED 


General Printers 
and Booksellers 


We specialise in the pro- 
duction of all kinds of first- 
class letterpress printing, 
including colour work. 
We have a modern plant, 
and an experienced staff is 
under expert supervision. 


HEAD OFFICE : 


1 NEW-STREET SQUARE 
LONDON, E.C.4 


Telephone No. Central 5284 


Telegraphic Address: 
** Spottisw 
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Oral and Facial Deformity 


By C. Kerr McNeil, Ph.D., L.D.S., Senior Lecturer, 
University of Glasgow. A new book for waned and dental 
students and - ractitioners which deals particularly with 

deformities such as hare-lip and cleft-palate and the methods 
of remedying them. It also surveys a number of cases, their 
history and treatment. Illustrated. 


A Textbook of Pure and Applied 


Chemistry 
By J. E. Garside, Ph.D., etc. and R. F. Phillips, M.A. =. 
** . . it provides quite admirably one textbook to 
cover completely the course in chemistry, thus saving 
student the trouble of carrying about two or more books.” 
CHEMICALS PRODUCTS. 


25/— net. 


Electronics 


By A. T. Starr, M.A., Ph.D., M.I.E.E. A new addition to 
Pitman’s Engineering Degree Series which forms a com- 
prehensive treatment of theoretical and applied electronics, 
covering the physical fundamentals; types of valve; rectifiers 

rectification; circuit theory; amplifiers, oscillators and 
detectors; and giving brief descriptions of typical electronic 
applications. 32/6 net. 


Automatic Voltage Regulators and 
Stabilizers 


By G. N. Patchett, Ph.D., B.Sc.(Hons. Lond.), A.M.I.E.E, 
A student’s book and also a general reference for all electrical 
——. It — its field in detail and contains copious 
pny coll to detailed studies of all the principles and the 
Approx. 45/— net, 


Solution of Problems in Engineering 


Drawing and Projective Geometry 


By K. L. Jackson, M.Sc.(Eng.), A.M.I.Mech.E., Lecturer 
in Mec cal Engineering, University College, London, 
This new book contains a selection of problems in engineer- 
ing drawing and projective geometry specially chosen from 
papers of for the use 

students prepa ‘or the ic egree or taking 
National Certificate Cousees. 10/— net. 


Principles of Biochemistry 


By M. V. Tracey, M.A. An account of the biological and 
chemical fundamentals of biochemistry written in the light 
of the most recent research. 20 '— net, 


Sir Isaae Pitman & Sons Ltd. 


Parker Street ° 


Kingsway 


London W.C.2 


ME NE MEME NE MEME ME HUE NE TUE UE ME NEUE ME DUE TUE DUE 


has met since 1932 :— 


21s. plus postage 6d. 


RECENT REPRINTS, post free : 


Dingle, 1949, 1s. 1d. 


1948, Is. 1d. 


ls. 1d. 
1950, 1s. 1d. 


List of the Principal Publications 


On sale at the Office of the British Association, Burlington 
House, Piccadilly, London, W.1 


THE ADVANCEMENT OF SCIENCE, quarterly 7s. 6d. plus postage 3d. ; 
annual subscription £1 5s., post free. 


Screntiric Surveys of various districts in which the Association 


York, Aberdeen, Blackpool, Nottingham, 2s. each, plus postage 
2d. ; Newcastle-upon-Tyne (1949), 10s., plus postage 6d. ; 
S.E. Scotland (1951), 15s., plus postage 6d. ; Belfast (1952), 


Modern Theories of the Origin of the Universe, by Prof. H. 


Non-Linear Vibrations, by Dr. Mary L. Cartwright, 1949, 1s. 1d. 
Fungi and their economic importance, by Prof. F. T. Brooks, 


Human Blood Groups, discussion, 1948, 7d. 
Operational Research, by Prof. P. M. S. Blackett, 1947, 1s. 1d. 
Operational Research in War and Peace, discussion, 1947, 


Science and the Adventure of Living, by Sir Lawrence Bragg, 
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THE PHYSICAL SOCIETY 


MEMBERSHIP of the Society is open 
to all who are interested in Physics. 


Fellows pay an Entrance Fee of £1 1s. and 
an Annual Subscription of £2 2s. 


Students. A candidate for Studentsh 

must be between the ages of 18 and 2 

an Annual Subscription of only 
's. 6d. 


Fellows and Students may attend all 
MEETINGS of the Society, including the 
annual Physical Society Exhibition of 
Scientific Instruments and Apparatus, and 
are entitled to receive many of the Publica- 
tions at reduced rates. 


PUBLICATIONS include the Proceedings 
of the Physical Society, published — 
in two sections, and Reports on Progress in 

Physics, published annually. Volume XVI, 
1953, is now available (price 50s., 27s. 6d. to 


ibers, plus 1s. 6d. postage). 


Further information can be 
obtained from: 


THE PHYSICAL SOCIETY 


1 Lowther Gardens, Prince Consort Road 
London S.W.7 


BOOKS 


ON 


NATURAL HISTORY 


AND 
BIOLOGY 


New, Second-hand, Old and Rare 


CATALOGUES ON REQUEST 


WHELDON & WESLEY, 
LTD. 


83/84 BERWICK STREET 
LONDON, Phone: GER 6459 


THE ADVANCED ATLAS 
OF 

MODERN GEOGRAPHY 

By JOHN BARTHOLOMEW, M.C., F.R.C.S. 

NEW SERIES. THIRD EDITION 


An essential atlas for any person who takes 
an intelligent interest in world affairs today. 
The coast and river outlines in blue makes 
for clarity and ease in reading. It has been 
completely revised to show the most recent 


world changes, and is unsurpassed for quality 

and detail of information. 

Size : 143” x 10”. Bound in red buckram 
PRICE : 30/- 


A DETAILED CATALOGUE SENT 
FREE ON REQUEST 


MEIKLEJOHN & SON LTD. 
15 BEDFORD ST., LONDON, W.C.2 


BRITISH ASSOCIATION 
PUBLICATIONS 


BIOLOGICAL SCIENCES 
IN 


BRITISH SCHOOLS 


A Committee of the British Association 
has completed a survey of the position of 
the Biological Sciences in British Schools. 
Their report deals with primary, secondary 
and secondary modern Schools and con- 
tains information not elsewhere available 
about methods of teaching biology, the 
status of biology in the school curriculum, 
the importance of field work in biological 
education, factors that affect the demand 
and supply of teaching staff and many 
other subjects of interest to teachers and 
administrators of education. 

Copies of the report, price 1/-, can be 
obtained from the office of the British 
Association, Burlington House, Piccadilly, 
London, W.1. 
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METROVICK SCIENTIFIC EQUIPMENT 


Pirani Vacuum Gauge Oil Stripper Units Precision Current Stabi- 
for mechanical lizers 
— Vacuum vacuum pumps 
Pirani Vacuum Relays Nuclear Physics Equip- 
Complete High Vacuum sues 
Pumping Plants 
Liquid Fiow Relays 
Vacuum Furnaces 
Rotary Vacuum Pumps 
Vacuum Coating 
lant for aluminising, | Shadow Casting Jig 
or for blooming optics Evaporation Plant 
Vacuum Cold Water De- for shadow casting 
gassing Equipment | Vacuum Desiccator 
High Speed R . for drying plates 
ave-form Monitor | Fluorescent Viewing Box 
The films “Research in Engineering” and “The Electron 
Microscope” are available to interested organizations. 
Applications should be made to the Publicity Department. 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD., TRAFFORD PARK, MANCHESTER 17 
Member of the A.E.I. group of companies 
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MEDICAL AND SCIENTIFIC 
INVESTIGATIONS IN THE 
CHRISTIE. CASE 
FRANCIS E. CAMPS, M.D. 


Foreword by the Attorney General 
_ SIR LIONEL HEALD, Q.C., M.P. 


A detailed account by the experts responsible for the scientific work, much of which was quite | 
novel in character and is likely to prove of permanent importance. 
TRustrated with photographs, coloured plates and line diagrams 30s. 
BASIC NAVAL ARCHITECTURE 


K. C. BARNABY, 0.B.E. 
A second and fully revised edition of this standard work is now ready. It contains much 
entirely new matter and revision in nomenclature and many new diagrams and it is thoroughly 
up to date. Illustrated with many diagrams and tables 35a. 
Ready April 


THE SEA ANGLER’S FISHES 
MICHAEL KENNEDY 


British waters. Beautifully illustrated by the author with line drawings, coloured 
photographs. A book to be treasured by all marine naturalists and anglers. 


HUTCHINSON’S 


Printed in Great Britain by Spottiswoode, Ballantyne & Co. Lid., London and Colchester 


Electron Microscopes 

; Vapour Traps 

GlowDischarge Vacuu 

Indicator 

Spark Test Set 

Oil Diffusion Pumps 

7 to 3,500 litres per sec 

2 High Vacuum Valves 

to 20” diameter 

manually or powe 

operated 

ee High Vacuum Pipewor 

and Flanged Joints 

Cold Traps—CO,— 

plates and 
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